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(54) ETCHANT USED FOR ETCHING POROUS 
SILICON, ETCHING METHOD USING IT, AND 
MANUFACTURE OF SEMICONDUCTOR BASE 
USING IT 

(57) Abstract: 

PURPOSE: To etch a porous Si uniformly and effectively 
without contamination in a semiconductor process, to 
accurately and selectively remove a porous Si which is 
formed on the same substrate together with a non-porous 



Si by etching, and to form an Si crystal layer excellent 
in crystallinity on an insulating substrate. 

CONSTITUTION: A mixed solution of hydrofluoric acid, 
buffered hydrofluoric acid and/or alcohol, and hydrogen 
peroxide water is used as etchant to etch a porous 
silicon, an etching method is carried out by use of this 
etchant, and a semiconductor substrate is manufactured 
with this etchant. 
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(57) 

fcS i fSiUJf £#-5. 

Writ] #8fc, ^y7r-K*IXIiWl:r/^- 



( 2 ) 



[3**9 5] /<y7r-K»»«riyf-^tt5 

^m^y^^mb-r^z.b^mm.b-r^nws \ 

(Oit^^- yf-^ 20 
[1»#>S9] ftWL&^y^i'ineibTZZbZft&b 

^ I' ^« irSr#®i:i-5#?L«S i Qfc^sr 30 

iS^tt^i y ^ ^ ^« t f 5 C 1 Sr^HS b T Z> #?LfC S 
i (Oitmx- y^^mm. 

[If*ill3] '< y 7 r — vibm* V mb-r 

Z>^b&<®Wl.b-tZ> S i 

[Ii*^l4] /<y7r- YmkbT /v-a— ;ub<om 
#*t*yfy^*tt5: b&te&b-rz&nms i 

[IIM15I '<y7r-K»»£i8SMfc**zki:«> 40 

£ 31 y ^ v i/fK t -T 5 r t 5: mm. b -T 5 # ?LfC S 
i roft^xyfy^S. 

[If*«i6] ^yyr-Vft&bT^zi-ji-bmm 
\W&fcb<nm i %m*^v^v'WLb^%z.b*W®Lb 

U 50 



4§5S¥6-3 4 2 7 8 4 
2 

5 U 
L> 

-r i t k i •? y ^ v i/i&*-r 5 r t sr mm t -r 5 
ft&jin > y => ^mmikm t #?lst y = t 

U 

it: i lw j; •? x;, 3-^?f&£lrZ> z. b ZmWcbTZ* 
U 

[19**2 1] *s»*a6«-«?f^»*«fefcisv^, 
U 

b, 

**7LK-> y => >-*^f B ® t #7LK-> y a t SrW-f 
b. 

f^#?L®->y =^1^5,77- h'ft&tbmmfcTkm*. 
bcDfe&mzmi-z.bizxy^yj-^y&izi-zz.b* 



( 3 ) 

3 

cut ** 2 4 ] *w«ra©fwwr BcKaat *r . 

##7LfC-> y =» vHMSS/g £ #?UC-> y 3 >/g £ 
U 

n&iL'Xik vtz •> y =■ ys#-ti;:##?Lfr-> y = io 

^EfcftiliSteam^&^^axg^ l!Uf5#?LS? 
ft b fc > y => £■ g-T i £ \Z i. o T ^?LfC •> 

xyfy^igi, £W1-5r££#m£1-£^»tta 
%tg>1imt Vtz •> y 3 v£flc_hK: jH^LSf > y => 

^ffi^, *ffifci6iw»sr*-r5-t 5-*©->y avasfr 20 

27] •> y 3 >m#.*&iLnfc-fz> is £ . 
tt*?Lftft bfe > y a >s^Jbiw^#?LH •> y 3 ^im± 
ft*«rJtfcfc-*-*X6£» &#&iitt*si}=*>mm&m<D 

<bLfc->y 3V»frSr^^5/^Vi/^J;t9^5fe-r-5X 30 
K^TLttffc Lfc -> y 3 ^Sflr±tw^#7LK-> y = ^IMS 

KJ: 0 IS «rtt5ii:tr»«i:t5*lt 40 

m&lLWIt Vtz •> y => ^*fr±fc:##?Le-> y a 

it b/c -> y 3 va#£ £ r * 3 £ <DU^m l-S 

■r ^ t k j; o r #-?Lit -> y 3 v nt^x. y ^ > ^*-r 

a#ftft->!> y^-v^XSt , SrW-T-Sw 

ISI*«3 0) ^yaySM^LSfttSIgi, 50 



#M¥6-3 4 2 7 8 4 
4 

te&n'&ik y 3 vsfr±(^##?L^-> y 3 

fiJB«r»jS1-SXa£, ^#TL^->y 3^|*^@ W 

KflfiS-a-fc-tfSXa^ HfJiE^TLSfflsLfciyy nyl* 
£*&£ T/i-3-yu£<?))g^|rgi-- £ iiiot^ 

g*#TLSfteLfc->y 3ySft:l«#?LS->!) 3^ijj* 

«ffitc^t:eSr^-f^xgi:, wWgHUfi?ffiS:3fcig 
SttSflEfcK *M»i TA- a -/p £«>«•&«£ 

S-T r £ K i oT#?LfCtt; Lfc -> y 3 y-a<*:£<fc^3i 
9 Bfcifc-t- -3 X&£. Sr#-t-5r £Sr*M8£-f- 

[11*53 2] ->y nylft^^fjkfsitt, 
^HWit L-fcv- y 3 vS#±K:#*?UtS' y 3 

sn^fti^^tsist, &##?l®-> y 3 
t ro^ffiirs-r £ ti^io xti&ntut bfc -> y 3 

>'*^^t:^s'^>-i/(iJ;»?^-r.5X@<b, Sr*r 
^ffiilr^Siitt^Jwfl.S^-^^iirSXigt, #IfS#?LK 

[«*53 4] ->y =i^&w*2,imit-tz>TMb. 
m^imt bit -> y 3 >-s<*;x^^#?lw-> y 3 v^ig 

\m Hi, WE*?L»tufc->y 3^a# 
t illiMI:*** £ cojg-g-^ics-r r £ K i o T# 

[ff*^3 5] >y =tva*issr*TLKfl:-*-sxet. 
&g>Rmt Lfciv- y 3 y-SffcXKiH^Lff -> y 3 

ftJBSr^i-*xai:. y = yffeii© 

i^S-T r. £ j: o r mimt Viz •> y 3 y$fl£i<tfi 
ffy^iO^nigi, Sr#tici:«:«ii: 



( 4 ) 

5 

[ii*«3 6] ->y ^vsttsr^isf-ft-raigi:, 
^umit Lfc -> y = >-mte±.\z&&iLWis y 3 

** £ ro^ffilrg-r - t ic «t o T^JLfCfc bfc •> y 
3 vlftSrft^x -> f y y |c J; 9 Kit 5 IS t > Sr*T 

iw*ri3 7] ->y ^^mw-^umt-r^TMt. 10 
®&iimt \,it>s y = >3t#±.\zft&nK-> y =< vims 

troft-S-jftta-t-w ilc:j;oT#?L!K->y s^&fls^i 

y^v^&*-r-5#-?Lic-:yy ^(om^v^-^^TM. 

g?E£, *ffi^«»«SrWfSt>5-*<0^y 

teas 19 is £ „ mu&iimt Ltz.i/>j=> >-mm 

£ ir J: o r #^LST v- y => v -Hfc^ y ^ v 3 # 

Rnitft ufc •> y a ^m»±\z^nft'> y = 
* i <Dm&mzw:-r r £ k «t o x &iimt v-tt •> y = v 

r k frttft k i-5 Stt-wf^M^ffio 
[W*^4 o] v-y nySftSr^Mfktsigt, 
b/c -> y => vS<£-hK:##7LfC-> y =« 

/•'i iBBWk*** £ ft-fc £ K J: o T!£#?L 

»fc b/c •> y 3 v&<£ fefMfc* y f- v y*K J: 0 5 

[|f*«4 1] ->y ^vS^-Sr^dFLK-flii-SXSi:, 
tt*flJHb L/c •> y ^ >-mft±\z#£lLnis V =■ >3M£ 
JWB IS £. tt#£?LK->y a^iMSflJB© 
^Efc^jgiitegfrKflfi^ibitSlS^ i|fJiE#?LfC 
ft Lfc •> y 3 y 7 r - KfcKfcJJM- - k J; 
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[IS*«4 2] ->y 3>S«s5r#?L^i-5Xig£, 

&#?LfC<fcLfc->y 3yS*±i;^Lf->y 

*ffi«r, *B»=lftlW»Sr3&-r*t> 9-*W->y =yl* 
KI£?)-£-fc-ti:5lS£, SaiS#?Lff^bfc->y =yS«: 
Sf'<y77- K*S?lrft-t-r £ J; o-C0?LS?-> y => V 
Sr-(k^y^^^*-rS#?LS->y ayoiSK^y^ 

SI**. 

&&*m\t ufc -> y ^ >-a^±»r •> y = 
mMKmtem&Mf&TZT.&k. zomtmmm&xm 

mammm 9 -^^iir, ^-/7r - K**irSi-r. £ 

[§f*«4 4] ->y a^affSr^ae^-f-sxst, 
bfc •> y ^»flc±fc*^?nr y = 

*ffifciMtJiSr»j*i-5xat, ^^?Lg->y3>-* 
S?l^g-f- ^ £ tc: <t o Tte#?Lftft Lfc •> y a Sr-ft 

m*i% 45] -> y 3 vasfrsr^jLWb-ra is t . 

Lfcy y 3 ylf ii:^#fl,g-y y 3 yf g 

^ffisr3tsi§tts^iwfl,st9-&^5xa£, ftim&nm 

-fbbfcv-y 3y$M'<'>7r- K#^£T/w-3— zi'i: 
wig^ira-r-- ilrioT^LW^y a^Sr-fb^y 
^ V 5 #?L® -> y = v«33B«ai y 9- v ^XS 

[lf3f?3S4 6] J/yaylftSr^iLffttSlSt. 

&&iimt y 3 ^mw±.\zft&nw^ y => 

ilSrWtSISi, l«##?LW->y =>iW**Jio 
^ffiSr, *ffifc|ft|»«bS:*i-St p-^ro->y 3^Sff 
irlAO-^^SXe^, MB*7LfHbUfc3'y aV'Xft 
Sr^* y 7 r - K&g? £ T 3 1 05 jR-g-fSfcjfi- - k 
l:J;ot^LIy!) ^y^fcfiyf y^f5#?L 
S->!) 3>-o5g^y^>' ; ?'ig^, *m-rz>Z.k*%f 

[ff*«4 7] yy^ySfSr^LSfttSIii. 
tt#TLWt bfcv- y 3 vs»x^^^?lk-> y 3 
SSSr^i-Sxet. i«^#?LW->-y 3y*^ B |ff) 
*Etwgf^®S:^i-5XSi:, ^O^k^^ffi$r)tS 



( 5 ) 

7 

#£<fc#^*^v^K:J;«j|&3H-5Xa<i:, 4tt5: 

[ii*94 8] ->y =>>mftz&iimt-fZT.mt. 

*ffi*3K8i«4*(WJ:W9'S-fc**iei:, AfJlE#?L1C 

t wig-g-^i^gi-r. t ic «t o T**LfC v- y => vtftflfc* 
^ v 5 LfC -> y = yfy^ii 20 

[|f*«5 0] ->y =>>-&ft$:&iLW;<t-tz>T.mk. 

*«*»ia-r*xet. y 

Klfiy-S-fc-fr^xai:. MIE#*LKft:Lfc*>y 
t(^J;oT#?L^->y a^STte^y^-v^ISi*-*-.^ 
W»i-*-«*l»fr»H-«>f^»*fe, 30 

[ts*«5 1 ] ->y =^mftz&iLmti-z>j:mk. 

iSttfiff KM; y /<y7r-K*Ki iMMbk* 

tk t wj»&«^si-w t k j; o xmimt ufc > y 3 v 

SE#7LKffcLfc5'y =">"Si*:±<-*#7LK->y 40 
i£iiyfJbOTgtflsS*ffi&, *SBiat6*fc$:*-*-3fc5- 

Sc. 

[it*3S5 3] ->y =*>-m#z2rK'git-tzT.uk. 
WMtfc Lfc-> y 3 vstf±ir^#5-?L®-> y = so 
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8 

■Tb/1 £ftJ/S;-r5XS<!:. tt#£9Llt3'!> =1 viftgAJIBO 
it L/c -> y =1 >g#£/< y 7 r - Kffltt fc -^i 

= > Sr-fk^ ^ >- i/i^*-r 5 •> y a 5" WjgJR^ 
[it*«5 4] ->y avasttSr^fljHt-rsxsi:. 

£■« l-g-T r i: \z <fc o r -> y = > Sr^^a: y >- 

K#?L^tbfc>'y =:/£#_hK##S.?LfC->y 
*B»rttMfcJBS:^-*-*xai» COlMfcJi*B5*3ia8 
t iiSf-fkTKmzK i © ja^-»l^«-rc t K J; oX&lfglt 

fiE#7LWk Lfc •> y 3 y 3 v Wig 

&k Tj\s=>-;ukmmt*m*k<Dm&mzm-f^ t ^ 

[0 0 o 1 J 

[K*±©*Jffl^lF] #7LK->y =>v<0^y 

[0002] 

(i, -yy^y ^-y -f»ai/-?- (soi) &ffi 
k^XfcKtiafbix. il^ws i «WHl^Sr^i!!-rs^/w 
2? S i **-ettafcLjfcfcv SO I ft^g 

tv-r:#7t 0 -t-^^*,, so i &M*mm-tz>z.kx. 
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ti, 

[0 0 0 3] ±!ELfc<fc5ftx-'<'f ^{±±<D^<<nm 

Special Issue : " Single-crystal silicon on 
non-single-crystal insulators" : edited by G. W. C 
ullen. Journal of Crystal Growth, volume 63. no3. 
pp 429 -590(1983) \Z * t #> btlX\, *-5„ 

[0 0 0 4] i!r<ii^t7r^rM±l: > 
s iSrCVDffi Mk^fe»teife) -e, qiW*'>- 

^*TMt5SOS (->!)=> t7r-fT) 
riS*pe>*L-C*S»>, ftt>fifc»LfcSO I &Mb tt-/£ro 
j*5bSrJ|X*ttLfc*s, S iiiTtlfit77'f7SiKfI 
©tt^JFftS-KJ: 9 t7r^7S^ 20 
^7;u5 = a-i,(rjs ii^SA^ -t LT-fsi-t "3 t>* 

Sr«ffl*fl:soi 9 irv^fS^frft 

feftTv^. rotate, ^coHolc^SiJ^tv-S : 

(1) s i mm&m&zmmmtm^ &&mtxs i 

ft^t-*^->-wWfcft£itr, SiO, _h~SiJtM£A 

m*Mj&-rz> {z.(D^\z\^ s io, _hir s i®<^*t 
SSrirfcfc?) o 30 

[0005] (2) s i mmfk&iR*<oi><Dt:t£temt 

He, S i^roit«$r^t,^fc/«CV>) . 

[0 0 0 6] ±|B (1) Zm$l-fZ^&k LT, CVD 
jfe^it), 1W£AJSS i Z^^t??*^*^ 

B««t*riRi3itf**->-r/u^*$-fr strife. #ASC;fc3 

-ir-ASriDlJtEL-CllMtU }8lKfflMU£J:»>¥i|&AJB 
£-S iO, iKj&SS-tirSTJffi, -t Lt\ fcfcRfc — 9— 40 
JrJltmf^SiBflHWSrjfeaSi-*** (Zone melting r 
ecrystallization) frftSbtlX^^Z,, bW^Tfel-fi 

£W»*£<0*J!IH4»=HJH#*>a. :<05^ Zone Mel 
ting RecrystallizationffiriSfco £ tfiScJgl LTti 9 , It 50 
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[0 0 0 7] _hfE (2) <7>77teT-fc5 S iSf5rxt^ 
^v'-ryujfcgoa^-i: LXFfo^^mt LTI4, &<7) 

A£«K:SMbKSr)g/ftU 0attfl4K±l::£ll£AS i®£ 
S i IffitPlCiJKiSSLfc^ SiS«wjgffi^?> 
flCiot, J?v^#*SAS i^-hlcv^lrfflitvT^ 

m^si^^fcs i *jBA««*«ja-*-.5#«!-e*>*. r 

co^ffitr^TIt, »A[4ttft#-C*5*s. ^JgalS i £ 

[000 8]© -iM *s/^^ (SOMOX : Separati 
on by ion implanted oxygen) bfficSi^'b S i 
&*>\Z&tm<D^*^TaiMz£*) S i O, ssr^-f-^^ 

^,ifiEt>oi:^Bbfc7jrffi-C-$>-5, b*»b**s&, SiO 
t S^Sr"f-5fcii>fwl4 x @?^^->Srl0 18 ions/cm 

v\ *SA*H&tt#<a#U IfWdt, 

* v y -T— r^M fcffeK-e # 5 AKfc£o T 

[0 0 0 9] ®^?LfCS i««MfcfcJ:SW*flc#«fcJ: 
•3 SO Itt3t«r»Jft-r«;fr&-C*>«. rro^teli:, Pi 
S i W B S«iIl:NSS ijf£:7*n hWtVttA 

(^"^-^ftfe, J. Crystal Growth, vol 63. 547(1983)) , 

a^fr^u, *E4t) s i B 3 *mtt£?\cHFt%m<p 

PIS i S|gc9*.£#?LfCteLfc<D 
maSMtfciONSS i ASr««*^(H"S*«6T? 

xnm<D$.iUz&:fe£tiXis*) . r^^KffoiSS 

[0 0 10] irr^,T% 7fcjgi®teg«l4, Tt^Tt^T- 
fe^=>>^^ hirv-tr-, iftJKl!JRABi«*^BSrfl! 

^ews* mm) zxv-m. m®mt. mm&s. 

L-CtffinfcifeAttS:W-r-5*SAJiSrfflv^T^$n 
[0 0 1 1] L/i^L/i/45f>, #7*lwftSS$ix.53fe&i@ 

u-c, ¥tcs i®&mm\.xh. &&mt>\ a<r, # 

v\ a«ojgA«3fi«s*AICP*>Swil=J:o 
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[0 0 12] Jt, Si HM6*S««:JflV*S±E«H*1' 

[00131 *&WC>ftW%<D 1 AT-fc-5*J!l^*li^ 
»w±jeoSS^iSr«¥«:i-'<<iRFffi¥2-2 0 6 5 4 8^- 10 

[0 0 14] BP*>#«¥2-2 0 6 5 4 8 ^-t^^^^ix 

Si + 2HF +(2-n)e* — SiF t +2H* 
SiF, +2HF — SiF, + H t 
SiF, +2HF -» H t SiF, 
*fc»4. 20 
Si+4HF + (4-^.) e'-» SiF, + 
SiF, +2HF — HjSiF B 

5fc*l-£>S/«CiE?LW»-C*fot) , n > 2 > 4& 

[00 2 1] i(73<t #-?Lff S i ^^®i-t"Sfe*IC 

14, jElltf&mx~$> 9 , N^S itrifc^-CPMS ico* 
tf s #?LSCS i I^ILW*. Ltf>U NIS i fclETL 30 

(R. P. Holmstrom and J. Y. Chi, Appl. Phys. Lett. , vo 
1.42,386(1983)) <, 
[0 0 2 2] :©^IS ifitt, PSS&S iCD^S 
2. 3 3g/cm 3 ICjfc^T, HF*g?£2ga£5 0~2 O 
%lC^b$-fr-5iirT' j ew^§r 1 . 1~0. 6 g/cm 
R=2. 2 X (A/2. 3 3) 
rr-CAIi, #?LfCS i (Otat'fcS, ttR=l, "T 
«tJ%iWt«OflEBIW3B*«*^»&Jc«:. A=l. 0 6 
(g/cm 3 ) #?LffS i Jf W«f££- 1 . 0 6K 40 

[0 0 2 5] #?LfCS i 14, t^ttfotiV^ 

P= (2. 3 3-A) /2. 3 3 
SrPorosity<!:VM,\ ffimtl&&f^^ dooffiS: 3 0~ 5 5 

P = (ml— m2) / (ml-m3) 

£fcl4. 

P= (ml -m 2) / p At 
m 1 : Rg^bSltfKO^fiffl: 50 
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[0 0 15] #3^14, 5tlC^b^1tP^2-2 0 6 
5 4 8-^S:MJc:aSc#i-Sfc*(O^HJ-efcSo 
[0016] *RrlS¥2-2 o 6 5 4 8 -5§-|C|4#?LfJ S i 

[0 0 17] WTIr s #?LffS i ^oV^-CBlW-t-S. 
[0 0 18] #7Lfes i 14, Uhlir WUct 19 5 6 

(A. Uhlir, Bell Syst. Tech. J. , vol. 35, 333(1956)) „ 

[0019] *>t, ?i-#$.m*mmitmziov?>s i 

lE1lfr&^X3b 9 . ^<7?Ki&l4, Hk<OX oX&>%> bWici 

(T. J.Electrochem.Soc, vol. 12 

7,476(1980)) 0 
[0 0 2 0] 
+ne" 



(1) 
(2) 
(3) 

4H* + Ae" (4) 
(5) 

hfcSiaffl^ssas&fc ± siii; , w-^m 6oot 

as iSSr^e^^-Y^S$*5r.it>'5riB-e*>5. 
[002 3] — S i itittfiSrSMfc-ra t , 
tt^j2. 2fSf-it^:-r5^ s #?LfCS 

[0 0 2 4] 

(6) 

/^g-^SS^fc) ^5;ff/j:^ttT*3 9, ^?LKS i iff^An 
X(4ff^nTV^£V\ - coa* 14, #5-TLSS i ZfflWZ 
< ^JDI Lfc <? . B^V >fc 9 -tZ&Am UV ^tzlbX'fo 
So ^JLSIS i »i S /^>'^SrSiJ{Sl < t<nofc 

[0 0 2 6] Sfc, — 
(7) 

i <0^k^,i:p]^goKI--t-S-i:?) 5 -C'^S„ Porosity 
(8) 



m 2 



(9) 



( 8 ) 
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m3 : #?LKS i L;t&<0:£Sft 

p : ^^aa S i 

A : #?LSNkLfcffi« 

t : #?LfCS i (DmZ 

# &l <b£*ifc 3. ^(Dm&te. 5* (8) ^W^ST- 

(00 2 7) £7c, -LffiLfc^LffS i±W^t'^dr-> 
-W^SKio^T, #?L©S i tt-5-<0«3tW14gWfc 10 

rcO#-g-t>, #?LSS i WPoros ity 7)5^1- 

Si + 20 -* SiO t 

SiO* + 4HF — SiF, + H s 0 

s i tfmwtxmtZix. s i o t ic^ 
<? s i w^^^^i/^iitf. 

[0 0 3 2) ##afS i ?:x 7 f ym^ffit IT 20 

[0 0 3 3) #fLf S iWl^xyfV:/^ 

pfcfcfctt:, ±1E##?L§CS i fflro^s/^v^Ei^-e 

^y^V^fctt, ±fS (1) W*fti:«5NaOH*^ 
[0034) 

[»W*««BfcUJ:5i:bTV^5»ja] igabfcJ: ? 30 

^$4x5;^ **7L«S i fcxy^y^^titLf 9o 
[003 5] -J, ^JfefffcHTV^N a OHtK^St 

[0 0 3 6] &&W<DB&)<D l o»i % ^ffc^a-fe^i 40 
f51^£*ij:ir-rri:£<, ##ShFL§CS i fc^-y^y;/ 

y f- > 2> J. -y ^ >• y'f&.R Iflfcai y f- > y*j& Sr ffl V 
^ y ^ y y^jfc -SrHflH- 5 d t iz S 0 

[0 0 3 7] #^WcQteWSl$l2£-?LffS i -Sri^-irJL 
oi§iR#> ir ^ y ^ v y*-f Z> v * v y^ £ 

[0 0 3 8] 

[KfiS-^i-5fe*w¥i9:] *&W<o&ims i ote so 



#i¥6- 3 4 2 7 8 4 
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ot, ±fEPorosityCO$]5ti4. iroi^tM^T* 

[0 0 2 8] £?LStS i Sr^-y^Vi/i-^^ffit Lt 
»4> 

(i) n a oHTkmmx&nms i sr^ y^yy-r -s*- 

ffi (G.Bonchil.R.Herino, K.Barla, and J. C. Pf ister, J. E 
lectrochem. Soc. , vol. 130. no. 7, 1611 (1983)) 0 
[0 0 2 9] (2) iSrxyfymit 
A'^m^^-y^^^mx^lims i Sr^-y^V^-t-S^ 

[0 0 3 0] ^»p3nTV>5 0 

[0031] ±fs (2) cQ^jfcii, iisr, 7 y m&&<n 

xyfVW^V^nS!)!, ro?t ^©S i CO^y^" 

y;/i®*Si4, 

(1 0) 

(11) 

y ^ > y^o?^ l <Dffimi-ift.<v t is y <o i> <oxh 

5. 

[0 0 3 9] BP*>. »»S:3iy^v^Sati-5r.tS:» 
»£-t-5*?LltS i co-ft^y^yi/fKT'feSo 
[0 0 4 0] *&W<n=.y?-i'tfmn%i2<Dmmte. 8c 

[0 04 1] IP*j, »tt£T/ua— yUi<0»£-««Nx.y 

^yy'Sfc-CfoSo 
[0 0 4 2] ^^O^y^V^CDmSWffi^lliacO 

[0043] ip*>. #»iaiMI:7K**i«)i8^«*^ 

y^^^mt-r^^t^WLt-r^^ims i©«x 

y^y^T-fcS. 

[0 0 4 4] *58BjO^-y^yy'?«CDm4(0«^l4, Kk 
(Db&'!)<Di><OX&>Z> 0 
[0 0 4 5] in*>, #HiTyU3— yuti88Mfc***t 

S i -ft:^y^>^jKT*fo.5o 

[0 0 4 6] tt£W<Dx.-y?-^ym<D®5<Dmmte. SSfc 
[0 0 4 7] fiptb. ^^77-K»^x;,fy^i 

[0 0 4 8] &&W<D=--y<?^v'm(D%$6(Dmm\-i. & 
<Dt*o9 <Dt>(DX&>Z> 0 
[004 9] EP%, /<->77-KMt7^3-/l't(0 

i W^J. y^^^'fKT-foS. 

[0 0 5 0] *&w<Dx.-y?^ym<Dm7<DW t m\-£. & 

[00 5 1] BP*>, '<y7r— KftttfciBBMfc**** 
S i roftfx-yfy^tfcS, 



( 9 ) 
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10 0 5 2] *&m<Ox.y?->"yWi<Dt8 8<Dffim\-£, & 
<Dk& t )<Oh<VX'&>Z> 0 
[0 0 5 3] BP*,. s<y7T— K*g?t T/U^-^tig 

8Mb*** t vm&mz^ v * v trm t -rs c t &<hmk 
[0054] &&w<D=.y=?^mm*. ±JB«># 

mttnft^mnmi commit. ^t^^xDh^x-h 

•So 10 

[oo55] mh. *m#&tt<r>i!mijmiz#\,*x. # 

[0 0 5 6] HIC. **W©***a£*t«)^«*«fe«>* 

common z^v^>>ywit vx<o^m<oixio<o \z± 
&vtt&w<7>^y^^yi&<Dm2<Dmm7bmm8<om 20 

[0057] *&w<D*mftmtte>ftm*mv>m 3 was 

tSIfti, **#fl.St'>y =viil3Kf*Ji«5*fl5S:3KS 
iittSttfcttO'S'fr-iiir.BlDBi:, ifJfE^?L«<t:Lfc->y 

©t*5„ 30 

[0058] *&m<n*m&&tt<oi£9iijjm<Dm4<om 

L*i->y =>»i*:i:^^#?LK->y = VlMSftJi*#/i!i 
ffi»-»«4fcSr*i-4 1 9 — > y =» vSflcfcte 9 

=-vi-^yw.\zm-rz. t\zx^>x^jiw^D =>>-&it^ 

[00 5 9] 5 Wflg 40 

*Rtt, ->y =vS{*:«r#7LfCrt:i-5I&i:, ^JlMit 

• SrJBfiM-aiSi:. -«)IMkJB*ffiSr*aiatt3E*»= 
^fLWlt Lfc -> y 3 vaflcfc-ffciiSa: 5, ^ ^ j; 9 ^ 

tsist. zm-rzztz&'&t-rzhox'tbZo 

[00 60] #*W<0¥**8tt©««2ra:«)S5 6 wfig 
L/c>y 3vSflrJilc:^?LK->y =.v*igf B SSr^fig 50 
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SMfcS*ffi«r. *iB»=lft«Wfc*W-r5 1 5-*w>y 3 
i"^. tCio X&L&HJ&it L 7c •> y 3 j, 

[00 6 1 ] 

[0 0 6 2] X. il&<£>¥ 

l«l-**^»H-e>n^7LKS i Sr, £ol 
5^6<?lr^s/^Vi/^*-t-5 -5. 
[006 3] *^BJW^«ft:Stt-Wf^Sa^ffit4, 

J&f»&2&±i::|££<<l:as¥l$ A *^-&t;:ffi*Lfc S i 
5 M«Ptt» &#Ftt 

[0064] Xfc, 3*s3BM«*i»#:36W«>f^»*«fett, 
tSrosoif/M^^^U oaWKfc; 

[0 0 6 5] *58^«J*J»fl:a£*tOf^ta*ffitt, 

so im&<D±mmmmiBii&&ft$t-rzmzi&mzii2> 
i o o e e ] iD^x, j&6m<o*m#m#<ofmijm 

[00 6 7] Hfc, *«Mo*»*»to^i*Sl4. 
i:U JLo#?L®S i <keHs#5HFLirs i iW^y^V^co 

[0 0 6 8] ©- (1) *®f^#?L®S i \Z*t 

l 5 

100 6 9] 0151:, *Sfe(CgjPlbfei:#»:^S'^>' 
-To #?LffS i li*ifef B S i Sr»WkfiK-rSii:»rJ:o 
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[O 0 7 0 J EPiDmBE : 2. 6 (V) 

filfift^ft : 3 0 (mA-cm"*) 

HF:H,0:C t H 5 OH =1:1:1 
2. 4 (B#fB!) 
#7LWS i coff^ : 3 0 0 m) 
Porosity : 5 6 (%) 

±C*«=ICJ: 9m&L7c#?Lff S i £^ifi»c*5^-C4 9 

t2o%mm m%) irgit^ sii4A/ 10 
Lfc. co*>t, mourns i (Dmz-vm'pzmmvtc. 

#?Lff s i ii«Lj$|r^y^v^$ix4 9%*§i£-C-l44 0 
0 y m, 2 0%^fgr*(i7 2 u m^-y^^^f 
ctl5. It. 8 0#&i®£-fr3t 4 9%^fST*2 0 5 

2 0%Jt?£T-|4, 

[0071] ^y^^&ftttigifcS&Rtflfi* 

LT4 9%jfc&$, 2 0%*|*03»S-Sr«i9±lf. Jftflft 20 
»3fe$n*t>wett*^. $t£L<I4, *S£i8l£l4 5% 

~9 5%, a«w:ii*fflv^e>nsja«-enfoixa. 

[O 0 7 2 J ^s^V^&tfO^JLSfS i Srzk&U 

[0 0 7 3] El7£ffl^T#?LRS i Rim4HL 

S i iJfeorv^aflc^y^-V-^-rsWSrBIl (A) 30 
&tfBl (B) «:JHV*-CttSIH-3. 
[0 0 7 4] 0 7 14, #^LfCS i fc¥*£iSS i «r-t*t 

£l::J:oTffo*U ±J6©<>© 4:PJtt?*> 

[0075] mmitm^x^xm^-r^^ms i was 

ISf B fl|jtOTS i T't "IfgT-foSo 40 
[007 6] _bfE3?#tr i *3 ffr& L.fc#-7LJC S i Sr^S 
13*5^X4 9%*g£ (6*.) fcftfflU J»Ht//Ui. w 

i (4^)S(c:iy^>^$tl.4 9%^?ST*I44 0#f5<!f T' 
9 0<«m, Ht, 8 0^ig^-<ir ; 5i:4 9%^-C2 0 

5. ^JSS«SViafi«)*ff=l4||ffl±^U3tx^v^ia 
T*^S^4X'5„ *Ht?l4, — mtLX, 4 9%M, £ 



(85t£ix5'b«0-C-l4>fev\ > #£L<I4, &S$ig£l45% 
~9 5%, iaSJ4jl«fflv>e>n5iaA-en*3ii5. 

[007 7] St, 5 0 0/irafO^LfS itlia 
fc*iV*-C4 9%#Bft MR*.) ai^Lfc. CO 

WM>*LftS i©I«>Sr8JLt ( ##?L 
SS i 14, 1 2 05>Siibt^tt>, looty^h 

a jksss. via* k »s t h a b tt w 
[0 0 7 8] ij/fy/iro^Ss i ir##?LfCs i 

[ o o 7 9 ] ei i (a) ici7jw~j: ^ t, s i mm. 

2 2<o>7ffi£^TI&^b&i;:4.t5#:fLfCS i 2 it* 

ff£-fr5 0 Z.<D (#?Lf?S i/¥SlS i) fl? 

3£<z>S«£*6$l-a-t-<t, Ell (B) ir^-ri5t, # 
7LSCS i ttt^SS?*$HT, ¥^bbS i *«2 2<D3*fr 
^i/^v^^tu-fir^^n, JgSgiftS i tiyf • * 
hy7V5*m£ LT, ^?Lff S i S:Wxyfyyt5 

[0 0 8 0] attEW— *Offi«t#7LffS i i:* 

[00 8 1] 111 2 (A) l:*t±?l:, itUMs i S« 

3 2<7>^-B«5— JBSrHMSfl^K i«3#?L®S i 3 1« 

WU-tZZbtfX-% 5„ ^tf>&, (#ILSS i/#ISf B S 
i) *360>*iR**Bifcai-£, EI2 (B) \zmiri:o 
t, #?LKS i /clt^B**^tiT, JM&AS il$i3 2 

[0082] get, a6so-*(offi«t» mm^m 

[ 0 0 8 3 ] El 3 (A) t^-f-i o t, S i S« 

4 2±t, *SWtio-C, #)g^S i^4 lSrfattSo 

il4 3«f$tt (EI 3 (B) ) . *:<D'ik, (^?L 

is i/^sfg^s i/^f B s i) m^w&L^mm-c 

g-Tt, H3 (C) t^i-«fc 31-, #?L«S i«»t**Bf 
*^nT, iS«4 2, j3±tJ«#iBaS i®4 

[0 0 8 4] «T, S«<0-*OSffi!lCO#i^^S i M<D 
^ffiro-gBlw#?Les i *JK»tfenTV^5«SrttM-f 

[0 0 8 5] El 4 (A) i:*tJ:9l:, »fefiSiSfi 

5 2±t, ItSft-toT, #^f B S 5 1 SrlS«t-5o 



?LfCS i®5 3ir^K$-fr^ (El 4 (A) ) „ *<n'&, 

(#?lscs i /mm/vim. s n mm<om^.^wt 
izm-rt. em (o ^^r<tpt', #?urs i^ta? 

6fc3c$*VC, WgalS iS«5 2, &£V&f£M i S i Jf 
5 #?LftS i £3tiR 

^ y ?1rZ> fc. 
[008 6] (D- (2) *&<tT/P=>-vu<i:02S-£ji£ 

[0 0 8 7] Ell 6|r, *^£^/UT/w=>— yL-iWi® 10 
w k * < bfc # l:x y ^ v^£*t 

?LKs i ttiMg£s i Sr^-fk^-r-S ^ £ K iotM 

J^-TS^dFLffS i roHHMmtt, WS i izffijesft 
5tWT?l44<, te<z>il££flti&«>S i tnltg-C-fcS. 
[0 0 8 8] PPAOS/E : 2. 6 (V) 

Mffi&A : 3 0 (mA'cn" ! ) 

Wffi'fk^fK : HF:H»0:C,H s 0H =1:1:1 

mm : 2.4 mm) 20 

#?LKS i WJf:^ : 3 0 0 (|i m) 
Porosity : 5 6 (%) 

±iB&#K<fc9ffr&Lfc#?Lf£S i Sr*at*sv^-C4 9 
%Hm.k^-f-)\yT/Vzi~ jVkom&WL (10:1) (6 
%) k 2 0%«iif*7/^- tvknm&WL (l 
0:1) l:«i4mri:<c<, SWUt. <o 

*>(-, «#ftfS i0>J**«3«*l>«rWJ£Lfc. #TLJtS 

1 l*©.jifr^5'^V^$tl-4 9 ^fvUT/U a — 
/Wt^^fK (10:1) -CI44 O^Si'T-S 5 ^ m, 

2 0%?§mkx-3-sl'TsU=i— /^k<Dm^1& (10:1) 30 
T?(4 6 8 ^m^^^nS, MIC, 8 0#ffii§£-t!r 
Z>k4.9%l&T&.kx- c f-J\'TJV=i—jUb<DU&ffi. (10 : 

1) t*195Mmt, ffi«W*ffi^Sr*LTi^— ir^s/ 

^v^H, zo%mw.kx.*f->vT>\'^—>\>k<nm&WL 

(10:1) fit 15 6^mx;,fy^^5 0 

[0 08 9] iy^V^ja*H[#ifc«)i6a*ftX 

y?s?3mfrb. mw-?*z.kt£<, 8**-?#, *&- 

izA^^mX< #?L«S i^x^fymrtm 40 

[0 0 9 0] ^ffiigS, ?fi«<o-£#l4, ^yf-^mX 

— ^o«b*Sr*-f 5«H-C»!3t**t*. #S§-C-(4-0iJi: 
LT, femmgtk LT4 9%&&£i: xf/U7/U3-/Ui 
CDjg-g-S£ (10 : 1) . 2 0%^mk^ /UT/U= — >\* 

knm&m do : i) <Dm^&wi<9±.if. i&mkLx 

[0 0 9 1] HF©&(4, ^s/^Vj/i&KttL-C. 50 



) W6-34 2 7 84 

20 

L<(41~95%, J;9jfSU<tt5~90%, 

T, iD$ftL<li60%gT, £ ^Kfrll: L< (44 0 

£$*lS. ififl?l4, £t$L<(40~1 OO^, 4>5£f£ 
L.<l45~80t, ££>(c:# : SL<f4 5~6 0<Cco$SB 

[0 0 9 2] *^HJtCfflV^iX'5T/U=i— /Ki^^yur 

So 

[0 0 9 3] ^y^ylgCD^JLffS i -tro 
*E* ^">-(- 4 <0 W&ftffi Lfc i: r *fiW7Jffitt 

[0 0 9 4] #ClC, EI 8 fcffl^T^HFLffS i .Stf^JL 
IS ilrSH-S. *g?^3i^/UTyU3— ^k<Dm.&m\z. 

4 5 J. y f- Vy**H4lJ:oV >TlftBJi--5„ 

[0 0 9 5] 1218(4, #?LfCS i iSM&ftS i t Sr-^rtv 
^^.k^ >\yT >vn— /Uk<om&mzffiW-tZ Z k 

5 i I4WbS i Sr»»bfifci-«r.ifcJ:o-C^j«U 

^1-5#?LSfS i ©ffl««-«-tt, l|M£As iKPSfe£ 
n5t>03-CI4>5:<, «&a>*SS*iS0> S i ft "Jitfc 

So 

[00 9 6] JbfEft#lr 4 9 ^ Lfc#?L§C S i 5r^S 
(^*3V^T4 S%W&k*-=f-i\'T )\s=—/\sk<T>®&WL (1 

0:1) (6*) i^«^-rs zktauzmffl b/c„ 

(-> &£ims iOJ**0>«4>«rMebfc. #?L«S i 
(4#3i(Ci 5 /^>'i/$tt4 0^(5ifT-8 5 //nu 
8 O^SigS^rS k 1 9 5 /im'tilS(OfIttSr*L 
T, ^-(-^y^^^^ttSo 
[00 9 7] /^4b\ iy^v^aflfH:#gfc<o»»jiflCX 
t/iSStr^-rs. T/u=— yP^r^D-TSr tl^4o 
■C, ^y^^y'Jci-SS^j^^ro^Sr, Win 

S„ 

[0098] gfc, 500/i mff?>##?L§CS i Sr^fi 
{C*3V^T4 9%^i:^^/W'T^3— /isknfe&Wi (1 
0:1) (IA) irfflE#-rs r k Llcgffl Lfe„ n% 
mft^lins i Wj?^0®'>SrJ|iJ«bfCo ^#?LK 
Si 14, 1 2 0#j&i@Lfc&K*>, lOOty^l-n 
— AjeiTL^^i/^^i/^ix^^ofco ^s^V^jgat 

[0 0 9 9] ^y^>-^C0#5.?LWS i ir^#5-?L®S i 
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[oioo] -tux, mmtT>v=i-ji'<Dm&%L*2>ii 

_h3£<D (1) lw*5V>-C, 01 (A) ~Hll (B) , 02 
(A) —12)2 (B) , H13 (A) ~EI3 (C) RUM* 

(a) ~m4 (o zm-xviwvfcmmz&'Qnzz 
[oioi]®- o) ttwztmmt7)<.m*kcDm& 
L^m-s-i-ovN-cia i 7 sr/sv-aftw-rs. io 

[0 10 2] 121171;:, *®sii§^t7k*7Ki:Wilg-&jK 

es i©u**mi4, isms&s i KPg^natro-c-te 

[0 10 3] £P*D®E : 2. 6 (V) 

: 3 0 (mA - cm" 1 ) 

Wi&ikfitefo: HF:H t 0:C t H 6 0H =1:1:1 20 
2. 4 (ftffl) 
;S i <r>Wh- : 3 0 0 (//m) 
Porosity : 5 6 (%) 

-hiE&#K<fc 9ffr*Lfc£?LKS i SrHf&Kio^T 4 9 
%»BS£iSiHl2*** (1:5) (6*0 t 

4 9%ftmk®mt*m*k<om&m d = d (h 

&<DWP*m7£L.ti<, #?L«S i li&jgir^y^^i/^ 
*L, 1 : 5^T'I44 Oft&fX'l 1 2 *t m, 1 : 1 j§ 
fKT-141 3 5 ^m^s/^^-^^ixSo Hie:, 8 0^Si§ 30 
$-fr3tl : 5&mX'2 5 6 nmt, i««ro3cffite£* 
L-Ci$— Kl^s/^-V^iX, 1 : I*gj£-C'l4, 3 0 7ji 
mxyfyy^tis, i®SMfc*i!t7k£>*giffi«££l4, 

-ett 3 o TE<B«sMfc***0>jRta8b«a* 

[0 10 4] fc*5, J-s/^^^igaii. iigtffc* 

[0105] mmmmRummotkm-t. nmRrj±m 

-fiBJir L-T, 4 9 %fttt£i81Mb7Mli* 
(1:5), 4 9%#®?ii@^t:7k^*t<7?^-&f^ 
(1:1) <EM§-g-£r&»).hi-*\ LtMroS^i 

l*fcV\> 50 



[0 10 6] HFiSStt, ^y^V^ffi^^fLT, #* 
L<J4l~95%, <fc 9£f;£ L< 145 — 9 0%. ^ 5>»C 
t< 14 5-8 0%<DmWXW>fc£tXZ<, H, O t S 
&I4, iy^^^ffi{C*rUT, £f£L<l4l~9 5%, 
«fc U$if£L< 145-9 0%, *e>K:#£L< 141 0-8 

5t$*x5 0 ifigl4, $f*L< 0-1 0 0=0, £>m£L 
<I45~80 C C, $ fe»wffSL< 145-6 OtfflfiSIf 

[0 10 7] lyfy^ro^LSS i SrTkftU -ttf> 

[0 10 8] «Jc(d, EI9SrfflVN-C#?LSS 
ICS nc*H"5, *»tiHiMb**7ki©«'&«fcJ:5 

[0 10 9] (21914, #?Lff S i ir^S^S i b Sr^ti 

v^v^SttS^ajtS i £ift£AS iojp^ro^s/^ 
v^«PMft»tt«r*-f-. #5-?L«S i l*)M£&s i 
«t5itl:J;otMU ^<D*#|4±£&C9t>6D<t 
POCT-fcSo H®^l-<fcoT^i-5#?LKS i WW 

[0 1 10] ±e*#fcJ:9ffe*Lfc*?Lirs i 
fc::m*T4 9%»*£i§BMtS***£<0fi^tt (1 : 
5) (6 A) fc»»U Jfl4A,Lfc 0 W*>K, gi#?Lff 
S i coj?*ro^-S:ill^Ufc 0 #?LKS ite&jgK:^:/ 
fV^^n4 O^fi^T-l 1 2 m, HI-. 8 0^-gia 
$-fr-5 t 2 5 6 u m>biS^ro^ffittS:^rL-C, Uu- 

3 0%T-feS^, TIEroi@^t7K^*<O^P^i**s-tr 
[0 111] ^->^>^jg«l4*@?. ig^fcTKlS 

[0112] 500(i mmnftgrllKS i <Sr^S 

|c:*5V^-C4 9%^iri@^t*i!l*i:rojS-&ffi (1 : 
5) m%) ICSPL, « 14 A/ L/c. <D*,tr, ^#?L 

ts i <nm&-<om'p%mfevtz<, ^#?l«s i 14, 12 

O^SiSbT'ci^lcl'b, lOOtv^ ho-AfilTL^ 

^y^v^snfc^ofc. ^s/^>-^jSfSi4^ss^. 

t/jas ic « i: if l <c v 

[0 113] lyfV^P^LfS i i#f#?LKS i 

r ^><sr^?F*e^«4^ui $ tv/i a>o fc 

[0 1 14] ^rLT, ^i:ig^k7k^7Kro^-&?«^^ 



t>, ±j£co (1) iCio^T. 01 (A) ~Ii (B) , 
02 (A) -02 (B) , 03 (A) -0 3 (C) &t/ 

0 4 (A) -0 4 (C) *fflv*-Ctt?llLfc»««:*&» 

[0 11510)- (4) »**7\^=»— A^fflSMb* 

s/^v^t LfcS£-Ko^T0 1 8 Zm^XVLW-t 
5. 

[0 1 16] 01 8|C\ ^t^/UTA-a— vUfcilS} 10 

<k*^7k <t ws-g-^irjft^-r 5 r t * < mm ufc ^ # i- 

fft4Sr^1-„ ^?Lf|S i S i SrBMift^-t-SC 

isas i Kis&$*ist>a-ci±ft<, i&<o&&mm<Ds 

1 -et^itB-efcs. 

[oii7] epinmffi : 2. 6 (V) 

^Oft^ft : 3 0 (mA'cn'') 

NtoMtoSMWi : HF:H,0:C»H 6 0H =1:1:1 20 
BtPa'J : 2.4 (f$HQ) 

^TLKS i WJl^ : 3 0 0 U m) 
Porosity : 5 6 (%) 

±12*^1 9ffr&Lfc:#?LSS i SrSH&KliJV *"C 4 9 

(10:6:50) (6A) £ , 4 9%*8i^7 
/uirig^bTK^Tkircojg-g-jK (10:2:10) 

?LfCS i <DJ?^<7?j£/>£2ffl5£L/c: 0 ^?LftS i ttftttK 
^yfV^Sni 0 : 6 : 5 0*gS£-C»14 O^fiifT'l 30 
07^m, 10:2:1 0*giSmi 128(i m^y^ 
^iX-S. 8 0 5 HO : 6 : 50® 

mX2 4 4 umh. i£5&W*D5te«rWLTi$— Cxyf 
V^Sfl, 10:2:1 0*gj(£T-|l, 2 9 2 nmxyf 

[0 1 1 8] 4*3, iy^V^aitH:**, JIBfe** 

p-f-S r t -5, *fcTyU3— /PSraS*0i-5 r 1 1- 
iot, ^y^>-^ie:<fc5KJS£j&fC#wtv?&<Sr, 68f?# 

[01 19] VfflK<0*#«4» *gfc&tf ±15 



) fti¥6- 3 4 2 7 8 4 
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a—yWifiiMIS**** (10:6:50), 
4 9 & xf;i,7 yu=> -yu t ifiStfc*** i: 

8(10:2:10), S2fiW*§-g-£& v ±l-fYc/45, * 

[0 12 0] HFS&fi. xyfy^CMLt. 
L<lll~9 5%, <fcv$r£L< 115-9 0%, £"bK 

iff* L< ii5~8 o%co®ia-es:^$ti-5, h, o, SI 

fgll, xyf V^fSlC^TLT, L< II 1 - 9 5%, 
±<?£t;£L<J15~9 0%. $tjlC$f*L<lil 0~8 

#3- L<fl8 0%«T, <J:9£F:£L<I16 0%«7\ $ 
b< 114 0%WTt\ S.o±|E7Vw=>-/K£>2& 
*«r#*-a«H-<?lS!j££;h..5. i&f£ii, £f&b<no~ 

lOOt, i 9*f*L< 115-8 0<C, $fj»cjif*b< 
(15-6 O'CC^HT-SS^Sn^o 
[0121] #*Wfcffl^i»ftST/W3— /Ml^yur 

— /^mowm Sr#-r -s => — ^ 5 r t & -c# 

[0 12 2] ^s/^i/^CD^JLSf S i ?:7K«cb, 
^ffi^r -&-f ^vtc J: t) mmtttii L/c t c 

ii^m$n4^ofc. 

[0 12 3] ^y^V^JS^S-g-, /WSr^AD 
JSSr, WlCxs/fy^gl^^nciiiK. 

[0 12 4] OSrffl^T^LSS i 

[0 12 5] Ell 0*5, ^LffS i ^^SS i tSr^r 

Srsw-c #?lks i hi^as i &tbmito&-tzz.k\z 
i jriss^$ns'bcor-ii/<c< . ffiro^g^itcos i 

[0126] -tfE^ttK Ufc#?LS S i Sr^ifi 
t^*3V^T4 9%*lixw*3- ^wiril^liTK^TK 
irro^ffi (10:6:50) (&%) lzffi.W-f<b Z t 

W^LfCo ^-TL^S i Il^i$^^.y^>'y'$tt4 0#fi 
i:*-C-10 7^m, HJCl, 8 0^ffiig$-frS t 2 4 4 ra 



( 14 ) 



6-342784 



25 



10127] /iJb\ ^s/^-^^jg^ii^^ «fb-kS? 
ioT, lyfy^iass^Hftroii^s:^ iw io 

[0128] Sfc, 5 0 0m mm<0&g>1LW S i Sr^fi 
roJS^ft (10:6:50) fcfWM-* - i: * 

WfcLfc. ##?LSCS i 14, 12 O^Sigbfcmt-t, 
fc. *y? L V^a*H«*«lfcftt*ffl«»::«£^£## 20 

[0 12 9] ^-y^>y^W#?LKS i i##?LS?S i 

[0 13 0] -t Lt> »Bfc£T/u=i— /ufciSSMt*** 

iKom^m^^jims i <o^y^^> htvxmmvtc 

oTt>, ±i£?> (1) Iwfc^T, Ell (A) ~ 
Ell (B) , 132 (A) — El 2 (B) , (2)3 (A) —El 

3 (o Rxfm4 (a) —04 (o zm^xgumva. 
mmztov&zzbtemo&X'hfo^ 30 

[0131]®- (5) ^y7r-KMmtS 

v*th 1 9 srjHv^-cww-ra. 
[0 13 2] /<y7r-K*»il/ttt. CT^tf7->-ft: 

T A (NH 4 F) 3 6. 2%, 7 sdfc** (H 

F) 4. 5%<OTK^i45fflV^n5. 
[0 13 3] Bi 9lc, ^2/7r-K*g?lrftPLjt# 

^ymfflfctftez^-t. mms i muiiimls i &is§® 

¥«AS i lr^£*t5t><D-C-»4&<, tewlS 

&mm<os i -et^itE-efos. 

[0 13 4] SliDlSJI : 2. 6 (V) 

WffiM& : 3 O (mA - cm-') 

WiUikf$.f§i& : HF:H!O:C,H 6 0H =1:1:1 
2. 4 (R^) 
:s i <nm?>- : 3 0 0 (Mm) 
Porosity : 5 6 (%) 

±^mzx<oi¥^±^ins izmm.\z*>\,-x/<v so 
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7r-KM i2 0%*R/<s'77-H 

(HA) «r«MU }ll±AyLfc„ cDiblr. fg^TLKS i 

i/$4x^i/7r— K&gTC'l4 4 0^-»it*T-7 Ojim^ 2 
0%*MST'li5 y^$tl5 0 HI-, 1 

2 o^ii$-&5tA->7 7- K*fcBft-ei i 8 Mmt. 

iS5g<OSffitt£^LTi$-t;i;xy?-^$;H, 2 0%% 
[0 13 5] #:fc5, ^2/^^i/j$ai4^fSfiSSt>*S* 

T^=?.A (NH 4 F) 3 6. 2%, 7 y-ffczkift (H 
F) 4. 5%ro7K^^/^s/7r— Kjfc®?, 2 0%%?? 
^'j'7r-KM<o^iS:S[!3±lf > ifi&J: LT^fi<D 
9 -biffed, 

[0 13 6] /<y7r- K#g?*WHFig|gf4, ^-yf 1 
^fmzttVX, #3=L.<I41— 9 5%, 49«F£L< 
14 1 ~ 8 5 %, $ 5>«-»* L < 14 1 - 7 0 %rotefflT-13: 
/<77r-K#*t©NH 1 F2g£tl4, :r.y^ 
y^lC^Lt, £f£L<(4l~9 5%, ±9£f*L< 
»4 5 — 9 0 %, £ h K$f * U < 14 5 ~ 8 0 %W©fflT'IS 

^$ns 0 iaar»4. »*l<i4o~i o ox,. 

L<I45 — 8 0^, $ "bl-$r*L< 145 — 6 CCWffiH 
[0 13 7] ^S/^^&WiSHFLftS i Sr*ifeU -^CO 

[0138] 1 1 £fflv *-C#?LK S i RTJft&IL 

RS i CTt5/<y7r- KMwxs'fv/#ttC-o 

to i 3 9] mi 1 14, #?l§cs i tmm&s i ir^-e 

ffttSr^-f-. #?LRS i (4*^f B S i SrBiMtSr 

14, **£^ B S i tc|5S^$nS'bWT*l4*<, t&nlg&ffi 
[0 14 0] ±iE&#K«fc«?ffr&L,t#7LfCS i -SrSia 

7 0 Mm, HJw, 1 2 O^Si§$itSt^T'l 1 8 m 

^f^isa^ tfift««j*# i4^ffl ±^ L3t ^ ?i v>isia -eta 

(NH, F) 3 6. 2%, 7s"ffc*3l (HF) 4. 5% 



( 15 
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[01411 *fc, 5 OO^mffromf S i fc^fi 
tc:*iVNT/<y7 r - K#Sfe (H**-) l:fiL> Jtl4A/L 

##?LSCS i 141 2 O^&^hfzm^ii. 100*^ 

[0 14 2] syfy^05#aRS i <h##?LKS i 
&7k*feU *ro*fl6fc-*^*VKJ:0»*#*rLfc£ 10 

[0 14 3] tLt/<y77- K*Mfe«r#7UtS i 

(1) IwtJ^T, E91 (A) -Ell (B) , 1212 (A) 
-EI2 (B) , 03 (A) ~E)3 (C) (A) 
-EU (C) £/BV>TtftBJLfcl®a£i&>?*#5r fcfi» 

[0144]®- (6) /<y7r- K*ii7/Ua- 

f->ifmt Lfct§^^oV-CEl2 OSrfflV-CKK-TSo 20 
[0 14 5] /<?77- K&&<t Ltii, CT^ti7 yfls 

T>^e~!7A (NH, F) 3 6. 2%. 7 y{C*M (H 

F) 4. 5%G>*S«;JSJIi^e>n5. 
[0 14 6] 0 2 OK, /^7r-K*8iif/l'7/l' 

= -A- 1 oa&&*»w«#M-4 ;i4<iILfct#i:x 

tSSr^-To #?L«S i tt¥Jg£S i iSriffi«f5Ii 
C:J:oTf&au ^^*#SrWTlc:L*i-„ 4fc\ f&m 

S i KPSS$*v5t>CD-Cli4<. tero^faHligW S IT' 30 

[0 14 7] SWJQ«JBE : 2. 6 (V) 

WffiMS. : 3 0 (mA«cm~ l ) 

WiMilfSteWL : HF^HtO^Ci H5OH =1:1:1 

mm : 2.4 mm) 

#?LKS i (DWh- : 3 0 0 (ym) 
Porosity : 5 6 (%) 

77- KMi^f/WT/ua- /•'ir^ig-S-ifc (10 : 

1) (G%) t 2 0 y 7 r~ KMtx^/ur 40 

/w=.-/ut<7)^fS (10:1) (IftA) Kflll4A/-f -5 

Lfc„ #?L©S i tt.1&mzx.yj->irzifcs<y 
77- K^gfir^fvUTyua — /i^COjg-g-SS (10 : 
1) -C'tt4 0^»5^f6 7 Mm. 2 0%*JB^S£i:^ 
/WirOiS-g-ffi (10 : 1) fli5 4 w miy 
^•>-y$ix2>„ HK. 1 2 0#igi§£-ti:5<iv<;/:7T- 
K^Kirx.^^T/w=-yut(7)^-g-j^ (10: 1) ~C 1 

4x, 2 o%^mmt^^T/is— j\st<nm&m ( 1 50 



) ^¥6-34 2 7 8 4 
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0:1) 9 0(imS7fy^M 4 

[0 148] /«Cfc\ x.y^v^jgf£^< S '7r-K*^ 

£ v Wlixyfy^ffi^f,, JWM-Sr. £4<, Bfc 

[0 14 9] &%itik&RTfS.m<D3imt^y3-^ym8i 

— ^OSft*Sr#-f «|5B-eR*Sn*. —011 

1(10:1) , 2 0%%m&ffi.bx.3-^Tfr=i—Ji'b 
<D}g&m (10: 1) , Mffi.<DWr&lz^>\ / ^X&'9 ±iftz 

[0 15 0]^ 7 77-KM I t , ©HFi*tt > ^s/^ 
^f&KttLT. #F£L<I41~9 5%, it)*fSb< 
14 1 ~ 8 5 %, $ P>tw»* L < 14 1 ~ 7 0 %<7?S5HT'R 
5££*U ^y77-KM«PWNH, F^l±, ^y?- 
Vi/fKJCl^bT, £f;£L<l4l~9 5%, 4:<?$?£L< 
145 — 9 0%, £bl'$f£L<[45~8 0 %<7>S5ffl-t?13: 
^$ti-5 0 T/u=i-ywg|a»4. x-y^^fWi^ttVX. 
$ff£L< 148 0%«T, 4"?$rSL<f460%JWT, $ 
£>K#F£ L< (4 4 0%WTT% fi.o±fET/L'3— /K7?5a 
SSrKH-saffl-eKJtSjftao ifigli, £f£L<f40 — 
10 0t, <fc<9$?£L<f45~8 OX:. £*bK$f£L< 

145-6 ot:©ttB-e«^*ix4. 
[0 15 1] ;£3gi2J!l;;/H^b*x-5TA"=»— /Mi^fvwr 

[0 15 2] is/^^&ro^TLffS i SrTkjfcU ^<D 

[0 15 3] ^y^V^fSo^, T/u=-/USr^D 

^*T*#5^, fa'htaWtfKO&U&mibXW-MX, 
*D— 4t>Wi: LT^t5ri:^t-f5„ 

[0154] B 1 2 SrfflV^-C#?LHS i 

?LKS ^->77-K»8iif^7/W3- 
* b (Dfe<&m\z i5iyf> ^Wt»c:ov ^-Clft 

[0 15 5] Ell 214. i i:^f B S i bZ* 

tl^iX/<y7T— Ymkb^i^TjVzi—^bnm^^L 

5 - 1 4 l a n l fc b % \z y is y $ n -5 

^?Lf?S i t^ig^S i <OJ&*<D=cyfstrmm&&& 
Zfrrto i I4*!^SS i teffiMittfL-TZ^biZ 

iotMU ^cr>^i £ F«4±a!0'bWi:PlDT-fcS„ » 



[0 15 6] JifE&^4:?)ffr&Ufc#s-?lJfS i fc^ffi 

% (10: l) {rJt^-t-SCt/jrblcajHL 

fLfCS i te&m\Z^~y?->v'£tx4 05>ISifX?6 7 ^ 
m, HK, 1 2 O^SiiS-frS t 1 1 2 AtmtSffrog 

[0157] £fc, 500/z raf©^#fl,SS i £r^f& 10 

ffi (10: l) (lift) Kft^-rs^ir^UciSilL 

fc. co*,ir, mourns i (vm?>-v>m'pzmi£vt^ 

**?LKS i 14. 1 2 OrftgiELfc^Kk, lOOty 
[0 15 8] ^y^^co^fLffS i ir##?LftS i 
[0 15 9] f Lt. /< y 7 7— K^iTA- =i— ,K£> 20 

t-feott, ±a!<o (i) i-sji^-t:, mi (a) —01 

(B) , 1212 (A) -02 (B) , 03 (A) ~0 3 

(C) &tfE]4 (A) -04 (C) SrfflV^-CtfeBJLfc^g 

[0160]®- (7) '"s^r— KJMfcfcaKft* 
[oi6i] A 7 7r-KMtLtn 1 M*.lf7 3rft 30 

r>-^e=^i>, (NH, F) 3 6. 2%, (H 
F) 4. 5%OT7k*gf{£;!>Sfll^e>*t-5 <> 
[0 16 2] H2 1I:, /<y7r- KAtt&ilttfldc* 

^fLftS i Off*©xyf y^WftffttiriSt. #?L 
IS i ttJ&BAS i «riS«t5ri:faoTM 

^i-5#?L«s i ©m**mtt. ^its^s i (cps«$ 

5o 40 
[0 16 3] Efr&Dfflffi : 2. 6 (V) 

WffiL&& : 3 0 (mA •cm"') 

mfitfk)&l£iG. : HF:H t 0:C,H s 0H =1:1:1 
B#W : 2.4 (Bf ffi) 

#7LSS i WJ?^- : 3 0 0 (m m) 
Porosity : 5 6 (%) 

7r- h-^tiiimtTKm^tnu^m d = 5) (e 
3tt) i/< y 7r- h^mkmrnit^m^k^u^m 

(5:1) (lift) fcSSU JH4A/L*:,, W*>K, & 50 



) #Bfi¥6-3 4 2 7 8 4 
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#?LfCS i ^^W^^ffl^Lyc. #?LfCS i I4&ig 
K^s/f^^tH : 5^T-|44 OftlZk'X'8 8 y 
m, 5 : lMt*lil05nmiyfy^$h5. I 
K, 1 2 0#gi@$-B:5,fc 1 : 5^T'l 4 7 //rat, 
iS5gtf>*ffit&£*LTi§— fciny^-i'^Sft, 5 : l*g 
S£-CI4, 1 7 7Mmxyf^W t iggMb'KiStTKW 
C^"CI4 3 oro-CfoS^. TEroiSBMb* 

[0 16 4] ^2/^v^jg^|4/<s/7r— Ksfc 

[0 16 5] JB««*Xtria«©*ft:tt, /<y7r- K 

*. -#JtLT, /<y77-K»»ii@»t 

Tkl^Tktwiig-g-fS (1:5). s<y7r— K*gfei:iiSft 
-ftl7k**troig^ (5 : 1) . ^ao^lroV^T^l 

3t£ft-5<bCD-CI4&<,\, 
[0 16 6] ^S'7 7-K*&£ c FWHFSI£l4, ^yf- 
>-i/jK(r*rbT. iff* L-< 141 -9 5%, «k<3$f£L< 
141-8 5%. £bK»SL<l4l~7 0%<o85ig-Ci2: 

'<y7 7 — KfSS+WNH FJSSI4, 
V^CJtLT, iff*U<!4 1~9 5%, 4:t)ifSb< 
I45~9 0%, £<bK£f*L< 145-8 0 %ro$5fflT-|2: 
^^tvS. H» O t j»Kl4. ^■•y'f-^Vm^MLX. & 
£1X141—9 5%, «t 9*if* L< 145-9 0%, $ £> 
l'«F* L < 14 1 O - 8 0 %X\ JLo±fEii^k7Km*W 
»**r*-*-5«H-e«je$il*. ?aai4, *f*U<(40 
-lOOt:, <tt)*ff*L<(45~8 0t:, ZblZft&V 

< 14 5-6 ox:<ommx&fe£txz> 0 

[0 16 7] ^s/^v-^geco^fLfCS i $ttK^L, -to 
[0 16 8] &tc:|211 3S:ffl^r#fL«S i Sl/^#fL 

is nztt-tz. s<y7 T - Y%.m.kmmt*m*k<D 
m&mzzz^-yi-^yftmz^-'XVLm-i-z. 

[0 16 9] Ell 314, #?L§CS i km&fhS i k 

m^tLkt^x-vf-^yisixz&ims \ km&&s i 

<Dff*©3ijx^^mW*#tt*S%-f. #?lf?S i 14* 
tt*S i ^MMtSCilCiot^L, *(D&ft 

#-tlss i romg§*mi4, ^as i irRs^^natw 

[0170] ±IS^#IC «t (3 f^fig Lfc^fLK S i 



(1:5) {&%) tegWU iti4A/Lfc. ro^lC, & 
\Zx.y^^^^HA 0#»5<fT-8 8 n HCl, 120 

[0 17 1] lyf y^<D^fS i i^IS i 10 

[0 17 2] ttt, '<y7r-K#Bfci:iSlMblc** 

•g-ffcoTt, ±i£<75 (1) l-*3V^T, Ell (A) ~HI 
1 (B) , 02 (A) ~EJ2 (B) , BI3 (A) ~EI 3 
(C) Rtm4 (A) ~EI4 (C) Srffl^TSiWLfclg 

[0173]®- (8) /<y7r-K**t7^=- 
/i'i:iflaWt*iR*i:«3iB^«Sr#IL«S i irJt-f-SMfl 20 

[0 17 4] s<v7T-h~mmtVXtt. 7yft7Vt 

(NH, F) 3 6 . 2%, 7yft*Kl (HF) 
4. 5%W7k^A 5 fflV^tt5o 

[0 17 5] 1212 21c:, /<y7r- K#* t^/i'T/U 

=» -/w t iBBfefc*** t a r £ * < iS 

^■v^i*Mtt#ttSr*i-. #?LICS i li*Sf B S i S:l!§ 
®<k^»r-r5r tt-io-c^L, ^-o&ttSrtrFKL 30 

tt*«JgW>S i T*t^rtg-C-fc5o 

[0 17 6] muME. : 2. 6 (V) 

ftflft^fg : 3 0 (raA'ca 1 ) 

mmfcf&mfc : HF:H t O:C t H 5 0H =1:1:1 
B#ffl : 2.4 (R$M) 

#?LK S i Wff^- : 3 0 0 (^m) 
Porosity : 5 6 (%) 

±E*#UiJ:!>f&£Lfc£7L«S i Sr^ffitc*3^T^s/ 40 
7r- K^fti^^/uryua— ^tiaBMt***t«)JR 
^(10:6:50) i, ^y7r-KM 

t ^=3-^7^=1— j\sbmmt*.m*.t<Dm;&m (50 : 
6:10) m%) \zni-iAsi-zz.tte<, S«U^o 

S i te&&iz*. til 0:6:5 0ftj£-C-»4 4 

0^»St*-C-8 3 n m. 50:6: 1 OSfStlil 00^ 
mi>fy^$h?i„ 2tw, 1 2 O^jgil^-tt-Si: 1 
0:6:5 OgiTl 40^ rat, iU&WScffiteSr* b 
-C*&— V*' 3 it. 5 0:6:1 0*»-CW:, 1 50 
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6 8 Mm^S'^V^^lX^. i§gtfk*3ft7k<^8£28g 

14, idT-14 3 o%-c$>-5^. Ts&mi&mkTkmTkmm 

[0 17 7] fc*>\ ^s/^v^jgSl±^*2/7r- K» 
v^-TS^^-e^So 

[0 17 8] **jj|«»tjqa««)*#H:, ^777-K 

l6H-eK3e*Jh.-5. JWR-ett, -fiajiLT, /<y7r-' 

(10:6:50) , /<y7?- K#Bfc£3^rt'7VI'3 
— ^iig^TK^Tkiro^ffi (50:6:10),! 

n5t><£>T'l4#v\, 

[0 1 7 9] /<->7r- K^g^CDHFiSitte, 
^jfcKttLT, StL<lil~9 5%, ot L< 
I4l~8 5%, £bK$r*L<l4l~7 0%tf>j£IIST'K: 

^f^KStLT, i?Sl<lil~9 5%, <fc9#£L< 
I45~9 0%, $ h\Zttf£ L< I45~8 0 %ff>W&X'Wt 
Sg£ix5o Hi Or mm*. xyfy^l^LT, » 
£L<f4l~9 5%, 4 L< (45-9 0%, £ 

L < 14 1 0 - 8 0 %T\ J.o±BfflaMt***© 
8&***i-5ttH-C*Kje$*i..5. T/^-yw-ztfitt, ^ 
yfV^IC»Lt, £F:£L<I48 0%WT\ i»)ift 
L<I4 6 0%KTF\ $bi^»*U<t44 0%tATT', S. 

*f*L<«0~l 0 CC, it)ilf*b<l45~8 
Ot:, £?5t;i#:£L< 145-6 O'COTSSfflT-t^^ft 

So 

[0 18 0] I^WPi^^^hft^TiV^i—M-Z^^T 
-A-jfeSDSyH Sr^-T 5 T =" — Srffl l ^ r. i ^ "C # 

So 

[0181] ^.->^Vi/^<7)#?L®S i SrTkifeU 

^ffisrxft-r ^- vi^ «fc •? ma^w ufc r *>&n*mm 

J4«lttS$ix/£^ofc 0 
[0 18 2] ^s/^-^^jglCOV^Ttt, = — /uSr 



[0 18 3] tfcKEIl 4$rffll/*T#?LfCS iXtf*#?L 

[0 18 4] Ell 411. #?L®S i £¥J££S i irSr^r 

•>fy^$ns#?LSs i t¥^S i <om^=cyf 10 
^mM«fe#ttS:*t, £?LSCS i li^^s i £G§M 

Sim*!*. VMgs i KPgS£;h.3>i>?>-C-fA/<£<. -tew 

[0 18 5] ±iE&#K<fc9ffr£Lfc#?L©S i 

7km*t<Dm.&Wi (10:6:50) (6 A) irJftfH" 

Lfc. #?LKS i ttftaSfc^yf-v^Sih^ 20 
O^I5ifT*8 3 n m, Hi-, 1 2 0 #&j§ £ 1 4 

So aswk***©»ttai*tt, rr-eii3 o%r-*>-5 

[0186] £fc, 5 00// mJf^^^LffS i 

TK^TKircOiS-g-j^ (10:6:50) (JR*.) I'St^l" 

Lfc. ##?LffS i li, 1 2 0^Siib7t 30 
1 0 0t>^ hn-AEJTU'iyf 
flit tc 0 y f- > ^"j* flEtt*«»flCA 15 1 

[0 18 7] ^^^co^LSCS i k#&1Lms i 

[0 18 8] -tLX, s<y7r— K*g?tT/U3— /u£ 

Tttffilfci^-efeoTt, -k3£<D (1) KSJVvC. El 
1 (A) -Ell (B) , 1212 (A) ~EI2 (B) , @3 40 
(A) ~E)3 (C) StfEH (A) ~El4 (C) Srffl^ 

[0189] *«w©*W(*ca*t«5^K*«fe«>JB 1 <z><£ 
[0 19 0] gp*>. i|i»ffattOf^«*«fe»:*iV^T» # 

#-?lsc •> y => v^ifSfB® t £?l?c •> y = >m t zm-rz 
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[0191] h»c, tft&vtct*>v*mw<D¥m#g : tt 
gKoftf? <o \z±.& byt^pjo^ y ^-^^m<om 2 wfig 

[0 19 2] ^rb-C. *^w*aj{fc£#wf£§S;frfficD 

%i<ommRvtti2<Dmm$:m.\zM c #tfi)fti>a>b vtz<o 
fim&<om3<ommjbm%s6<D®mx'3b5 B 

[0193]©- ( 1 ) *&w<o*mi*mw<oftWj 

[0 19 4] liSo^r i^JlKft Lfc«Ci|i]SAl& 

3 (a) ~ (o K*am\z£.&*mK3&t<oi/mjjm 
&&LW-rztztf><Dj:mmx\ ***xeiz«(ts«*w 

[ o 1 9 5 ] ia 2 3 (a) \z?f:-r x 0 9?r. s i m 

*SalS i S 7 2 Sr»j*-f«„ S i ^J^LliHF^ 

#?LfCS igtt. ¥filIS i ®M2. 3 3 g/cm 5 I- 
tfc^T, -t<OlSftS:HF»«ai*Sr5 0~2 0%^k$ 
*5iifMl. 1~0. 6 g/cm s ro«5BB»c^t$ 

[0 1 9 6 ] El 2 3 (B) t^-TJ: 
^^S7tSi©ttS«7 3«rfflfU, #TLWS i »«± 
CO^S Sil72 C0^ffiiCfg3tSilt4S« 7 3 Srlfi 9 
o»ts 0 El 2 3 (B) fe3^fj:5l=, xyfy^Kil 
irUT, Si, N, !7 4S;iiSLr, «9^*fc2tt 

©ns^iftiLt^ ^?lks i*«7 i<omm±<o 

Si, N, ^5r^*-TSo tew^y^v^ihBli: LT 
Si, N, g<Of^t3t)t-, Tt <, ^y*>'l7 2/^^«?4:fflv^ 
Xi>^\ znmz. #?LKS il£7 I4*«i©x 
s/^Vi/jtftKgU llttiCttiot, ^?LHS i 
<0*S:«fm«ltS^k^s/f L >'^LT3tSi§itSffi7 3 

^-TSo 

[0 l 9 7] EI 2 3 (C) (rii^B^-e#P>4x5^*{* 
S^^^nT^-So -f#;b*>. E12 3 (B) icfcttS 
^S/^V^Klh^T'fcSS i, N 4 M7 4&&4i-t?>Z 

^-i^ilSSS 1^7 2/55^*11-. L*>t>i$— 

So 

[0198] :3 LTt#b^^iS^S*Mi, ffitft^fi 



( 19 ) 



6-342784 
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zkfc-ezz. 

[0 1,9 91 #*LK<fc*ff 5ffll-NSUi«rJgriSU 

■r^m\z^^xm.m-r^><, 024 (a) ~ (d) i** 
0t% ^#ig«r^tt^^6<)»Tffii2it Lt^^nt 

[0 2 0 0] $fci\ 1124 (A) lZ?jk£}xZ>m^n*<D 
iMgffiia5itf?*->t /I'MCJ: 9 PIS 10 

8 1 ro*ffitz{g;?FM^®aP® 8 2 «r»jtti-«. 
*tt. PUS iJNMMfcKs l^ISr/o hffc-f* 
VffiAbTNSlM&fcS 8 2 fcJMWS. 
[0 2 0 1] 02 4 (B) K^ftS&KPSiS 

i 8 lSr*iBJ:9«*.tfHF*i«S:fflVNfc» 

^-fkfigS^-toT. #?L|fS i St58 3tr^$-fr5. 
C<0#5.?LgS i l^iSS i ffl«S2. 3 3g/cm 

3 JCJt^T, -€-C0«g**HF^fSiftfl[S:5 0~2 0%(c 
^fUS-fr-SCl tt'Ml. 1~0. 6 g/cm s ro&HK 

[0 2 0 2] 02 4 (C) \Zm-t£?\C. 
£*v55tjgi§ttg«8 4£ffl«b-C. #?LSCS i 36«± 
OWSift S i g 8 2 <0^ffitr©3tSiH4*S 8 4 4r|£ *J 
oltS. 024 (C) l^ti^l;, aty^-V^Rjhil 
iU, Si, N, S8 5?r*iSbT, M D <g-£fc 2*: 
OWi»trWlt, £?LffS i &«8 3<O^E±(0 
Si, N, I5r^4t5. iroxyfy^RjhliU 
Si, N, JffDft*?"?^ T\?x.S><7 y?X$£&m^ 
Xi>&\>\ #?LSCS i£«8 3«r#36WW:* 30 

W*«r««*a*ft:^t LT^t@iMt4S« 8 4 
-hfcWBWfc bfc#**LJMUBfi Sil38 £2g#£-ttffiJ 

[0 2 0 3] El 2 4 (D) twli*«|q-e#btt5^(t: 
gW/J^Sit*. -Ttetyh, 0 2 4 (D) 

±&k^ 5 *M&\zj&j&£ix&. 40 

[0 2 04] ^5 U-C#bttfc^^SW«, tttt£K 
**tfc* J f* : F-f^Jl4:V^5jft*»feaT'b»a[fcttffl-r5 

[0 2 0 5] #?L§CS iSKIi, 3igtt7-Sgt&tti::J:£ 
S^ldiixtf, 0 0 ho- AgSwl 

W7Li45^JES$tv-C*3«?. ^(Digmtemi&Sh S ileitis 

H-C*39. ^?LK^ro±SB^^ B S iSr^Lt^drv-^ 
/^f k f5I^T-*>5 0 fcfc'L, lOOOtK 



D, ^JECVD, 3tC VD^cDCVDjSfe, /WT;* • * 

[02 0 6]©- ( 2 ) **Wro#»*a6*trof£K;fr 
Swig 4 «3flS«l0iJSr0ffiSr#fiS bfttf* fefiHfi-*-*. 
[0 2 0 7] PS^*5VM4K»«NSS««>£-C«: 

#8fcfco^-ciMB-*-3. 02 5 (A) ~ (C) ittftW 

T\ *-*#XSir^(t^m^»fS0i: b-c^sn-ci^ 

[0 2 0 8] 02 5 (A) K*-T,fc 9 (C, PgJ 

(*fctt»aifleNa) s i mm&&&zmMi.x. *<d 

^5r#MftLt#ESs i 9 UU 31 

wbb*i3fcR*ffiKtTV\ nmmm&s ii9 2?rM 

t5. PSS flitfHF»l(!tfflV>fcWlfc 
^jfelcioT, #?Lftte£-t!:3o rro#?LSs illi, 
*^ B Si©iS2. 3 3g/cm 3 lCifc-<T, -frCD&fg 
SrHF^SIftSr5 0 — 2 0%iz&fc£-&Z> z kX&& 
1. 1—0. 6 g/cn 1 !'©Htc:^t$-fr5r. i:*st?fr 

[02 0 9] 025 (B) fw*-T J; 5 fc5-*«S 

9 4 #?lks i mm±<Dm&& 

Sii9 2^Si«t5-^©S i S«9 3 0>mk<tO 
19 4ro*ffii:5rlfii?-a-^-e:5„ CW^fc:, 9 1—9 4 

xmmvom 9 4 ±»r?wjMt bfc*#a«**» s i m 9 

[O21OJ025 (C) lctt*36WT?»fe*lS¥*i*: 
9 4 iterated* S^y =«V!?3i^— i^jfe^HSftS i 

[0211] bT^#^>^^fc^»ffS«•|a, iffe^fit 
Z\kfrX%Z> 0 

[0 2 12] #?LWtS:fi5lltrKNSJBSr»J*b. 
»«4bftl=J:9WRMC. PS!»«**VM±*i»« 

2 6 (A) - (D) l4*3BWfcJ:5*W«ca;tt«>f^fa* 

j*^tft?q-r5fcii6<7?xs0T-, ***ia«w»»t5«5S: 

6<J»fffi0«i: b-C^$^TV^-5o 
[0213] $fei* , 026 (A) Id^^n^^ir®^ W 

liiiiiSSNS) s i ¥ifgf B S« l o l (ommz&^f&yo 

wtmm i o 2 fcnwt-rs. psjs i **s^ B s« 1 



0 2 -Sr^-f-S. 

[0 2 14] geld, III 2 6 (B) K:^$ix3«IK:P3!S 

1 m&ikm&i o i zmmx'omzL&HFfgm&mi'^tz. 

So rro^ass i Sli, *ISf B s i 33g 
/cm* iCif<-C, ^<Wga&HFfgfi£$&&5 0~2 0 

%^^-(t:$-arSr.tt?SBai. i~o. 6 g/cm 1 «o@ 

fc<t?l^ PS!««fc7&*S;h,* 0 10 
[O 2 1 5] 1212 6 (C) \Z7frfi. 5 fc, t5-J©S 

y 3^1) 1 O 5 SrJ&fcLfcSL ^?LftS i S«±W* 
SSiBiS illO 2 0^ffii^t>p-^WS ifflEl 04 

1 O 2~1 0 SW^ftSr^iroxyfy^cgL, 
ItftSrtliiot, #?L1fS i ro*&&««!®5fcfl2 

fWJS & Sifl02 S-ar-C^jft-*-*. 
[0 2 1 6] ID 2 6 (D) \Zti&&mX-m<bilZ> i ¥m# 20 

0 5±i^fttt!*s«>y 3v^^-tra«f*i|iiB*s i 

[0 2 17] r. b UT»feJlfc*i»ffa«H:» tfilt^Ni 

[02i8]©- o) *&.w<r>%i5(Dmmm\zr>\,^ 
[ o 2 i 9 1 ei 2 7 (a) i-^-ri 5 , s i m 

1 1 2 Sr?g^-r5o 

[0 2 2 0] S «itfHF*»«:Jll^Jfc»ffi 

I*, ¥J£AS i Wtfi2. 3 3 g/cm* KM^T. t<D 
&a£HF*gj£»«<£:5 0~2 0%{c^k$-Br5 C 40 
fSl. 1~0. 6 g/cm 3 «0®HJw^tS-*-5C 
T*#5„ :L<£>#?LSt/II4. Bt\z.3&<<1t£ PlSi 

[0 2 2 1 ] &KEI2 7 (B) \Z7frt£ 5 fc, 
R*SnS3t»i«4a*l 1 3^fflf Lt, ^?LKS i 

•ffc/ll 1 4 CittftS&ttSft 1 1 3SrflADott5 0 186$ 
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[0 2 2 2] Jfc02 7 (B) l-^-r £ 5 
i/ESlLJg? (fittttm) iLTSi t N 4 1115 

V^RjhJRt UTS i, N t m<Oftt>9\z^ 7fi/y 
Py^Srfflv-Cb&V. cw&K:, #?LSS ilSl 

1 1 &*&w<o^vi L ^in8nznwi,fttfb&-rz. t\z 

TftSiEteSfr 1 1 3 ±\Z»mt LfclMSfi 5/}ayl 

[0 2 2 3] EI2 7 (C) fc»4**We»e>n-5*Wft: 

EI2 7 (B) fcMltSis/ 
LT« Si, N 4 1115 SrBfc*-r5 - 
tirioT, 5tSi§ttSft:i 1 3±^tefitt^*>U =»v 
^^^-i:|S|^/ A ^^S ill 1 2^55pstr, U*»t> 

[0224] ^5 l r # bivtt^m-ft&m-i , mmftM 

Z.b&X'ZZ. 

[0 2 2 5]©- (4 ) *&m<o*mftmtv>ftm> 

[0 2 2 6] ft*;, s i &&ro£-r:£r#?Lf£ 

[ 0 2 2 7 ] El 2 8 (A) ~E) 2 8 (C) I4& 1 <Z50£J6 
[ 0 2 2 8 ] El 2 8 (A) iztjk-ti. 0 fc. 5tei\ S i W 

m&mm&mmisX, *<D±&z&jimti,xg>iiMs 

&&m 1 2 2 SrJ^jfti-S. S i 0lJx.«HF^ 

?L©S i ^,f B S i <D?ga2. 3 3 g/cm* Id* 

^T, -tW«&aS:HF^fiaSr5 0~2 0%\z^t$ 
t5:tt'ill. 1~0. 6 g/cm* WtefflJ^t^ 

^-iS^i-.fcixli, ¥^6 0 0ty^ho-A 

[0 2 2 9] &liEI2 8 (B) \Zt^-TX 0 f^. t>^— o 
OS i S«l 2 3 5rfflfU, -trro^ffiiclfe^ 1 2 4 

«Lfci, ^?l®s i s«-hw**s»f B s im±\zm 
fcisitrntm i 2 5 Affile i 2 4 zmmzft 

OS i S«5:Ifi!9ott5c 16^1 2 4(4, S i <0|6^ 
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teH l 2 5li, ftfttt&S&JB-Cfc&iMSAJi 12 2© 

# m mm. z&m s * s fc * a . 

[0 2 3 0] tfcK.212 8 (c) ir^-f-i 9 Iw, #?LffS 

S*»J«i-S. i28 (C) ii*a9i-?*&Jts*N*{fr 

Ifittft 12 4, K-ftS 1 2 5 Sr^-Lfc 10 
fBfMfc££ 12 3 ±»r ftftttiS -yyay^x^-i^ 
ttVISAS i|12 2*S¥a«=, U*»1>*9— KJfJBfll* 

[0 2 3 1] ;? LT»6ilfciNMMBra. 

[0 2 3 2] IR2O|IM[atR0I^BS«:#liRt4: 

[0 2 3 3] 02 9 (A) ~02 9 (D) B3B2©Hlfi 
ftWHrBHtSfcftOlSHT, ^^^XStd^tta 20 
KsWKnKfSBD & LT*3nrv*S. 

[0 2 3 4] 5fc-f0 2 9 (A) C:^£n3*£,w®*<0* 
ltjftJH&lcJ:S3^jr*-£'-V'/i'jftJMzJ:9 PIS i 
IIS l 3 l ±£4&TOti4fe*ft« 13 2 5. ft 

14, PSS i WISl 3 iroSiSr/n hy^t 
yaALTNSfgSf 13 2 Sr^)*-r5„ 

[0 2 3 5] 02 9 (B) K*£n-5#KPS!S 

i 1 3 1 £»35J: 9 HFj&jSSrJBl^fcttH&fl: 

rttttioT, #7L!»S 3 3lr^e$-a:5o - 

<7}#?LfCS igll, ¥!giS i 3 3 g/cm s 30 

Ktfc-i-C, ^W««SrHF^««Sr5 0~2 0%fc* 
■ft^-fr^r tfifll. 1~0. 6 g/cm 3 CDgSfflf-^ 
-ft^-tirSi i/45-c*#S 0 r<o^?LfCJf te, K(-^fc<t 

[0 2 3 6] El 2 9 (c) t9-o«S 
i W8. 1 3 4 Srffll: LT> ^ (r>mM\z1&m®) 1 3 5 Sr^ 

fcflfcftJI 1 3 6 05*B5K. tM&mVo 1 3 5 SrfifoS i £ 
«1 3 4^flfit)ottS„ #?LffS iS«£r# 

[0 2 3 7] 029 (D) »ctt*5BWC»6>nS*i»fl: 
K*t/iS^£n-5. Sfc<ft:/Il3 6, &&^1 3 5Sr^Lfc 
*feifl42)£*S l 3 4±i:IS*tt*i'y ay^x/wiH* 
tMSS ill3 2;»5¥*!K, L/»>fci$— fcaWB-ffcS 

nr. 9x-'*~£m\z x ^lacw^ns. 
[0 2 3 8] :5 urt#e>nfc^frswtt, mmftM 
s n^ffi^T-f^ia * v * 9 £ *» b a r t » at <£ffl ■*- 5 

so 
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[0 2 3 9] Will*, ^L^k5rtT5SfT»rNSSS:^ft 
[0 2 4 0] 

mm&l] SIT. ft*«jft*16«Sr*»fr*»WS:ttM 
(UltWi) WSsSS i»«2 2±^-ffi^85(w, HMfifl: 

<fc 9 , #?LK S il21?r50)im (t» =50// 
m) ^jftLfc (Ell (A) ) „ 
[0 2 4 1 ] ffimitf&3kftttSlT<Dt b 9 rfcofc 
[0 2 4 2] EPJbD«JE : 2. 6 (V) 

ttcft^S : 3 0 (mA-cnf 3 ) 

W&WL&MWL: HF : Hj 0 : C t H 5 OH =1:1:1 

mm : o.4 mm) 

#?L® S i COff ^ : 5 0 ( n m) 
Porosity : 5 6 (%) 

(#?LKS i /*«JIS i ) «it(DS«^4 9 
%HFff$fiKxyfy^Lfc„ 3 35>^J-|4, mi 
(B) K^ci-ipK, l^SS i fctt^-y^^n 

r, #?Lff s i uaBUyfy^Sftft. 

5fc£*>, jRn^SrSF*&fliaci. 0xi0"c ffl -\ 100 
umfflm<OX. f>?^7^MtyjiALfe. 02 (A) 
K^-t-J;5fc> HftMCJ:9l00|imniH (b, = 

10 0/xm) r*10 0//mi|g (a 3 = 1 0 0 n m) CD* 
h7^f yVW&imS i 3 1 $ 1 /im ( t s = 1 u 
m) ^ftbfc. 
[024 3] »«^b**«=M[£AT«>i 0 9 t?*ofc. 
[0 2 4 4] PPinfl;ffi : 2. 6 (V) 

flicft^* : 3 0 (mA-cm" 1 ) 

Wm\L$3&%t : HF:H,0:C,H 6 0H =1:1:1 
#?L®S i <Dm&- : 1 (/im) 
Porosity : 5 6 (%) 

(#?lks i /#ne*s i ) mm<r>m&*4 9 

(B) fcjjrfj:3fc:, VMSS ifcWiyfy^-^ 

(HJS0IJ3) WaS iSffi4 2±l; t CVDSia 
9 » #^eS Si4l£r3#m (u 4 = 3 u m) J^ft Lfc 
(El 3 (A) ) . 03 (B) ir^-ipK, #*Sb%S i 
4 1©M2^m (t 4 =2 Mm) Sr s ^-ftftlCj: 

9, #?LffS i^4 3tr^fC$-yrfc 0 
[0 2 4 5] l^^bft^liaTOi: ? 9 rfcofc. 
[0 2 4 6] PnADttffi : 2. 6 (V) 

Hofiffifi : 3 0 (mA-cm" 1 ) 

IS&4b$%tt : HF:H,0:C t H 5 0H =1:1:1 
^?L®S i <Off^ : 2 (m m) 
Porosity : 5 6 (%) 



(#?li£s i s&m&s i /*gss i ) mm 

Ktt, 0 3 (O K^-TJ: 5 (c, i&xxfmm 

alS i ^^y^^j/^tb-T^tJ^ #ISfaS iji^f 

£*t£. 

(3ftfi£{aj4) VMS i S«5 2±fc> cvDteJdJ; 

9 , Si51«;3^m (u s =3/xm) J&jg-f 

So £J£AS i 5 lOT^ffiK, IMftjft£ft&^ JKn 
V^r^pl^jgSl . 0 X l 0"cm"\ 2 0)jtnHPiro^h 10 

B4 (A) \C%rf&o\Z® 
I«ICi9 2 0 W mrai (bs = 2 0ym) X' 2 0 u 
m*S (a 5 =20nm) CD;* h 7^ T^CD^JLK S i £ 
f^liira (t s = 1 Aim) Jgfifcb*:. 

[0 2 4 7] nitf-ft^^ttSJlTO t59 X'footz. 

[0 2 4 8] W*Dfl:JEE : 2. 6 (V) 

WfiU&S. : 3 0 (mA*ciB" 1 ) 

S^t^fS: HF:H t 0:QH s 0H =1:1:1 
#a®S i CO/f^ : 1 (urn) 

Porosity : 5 6 (%) 20 

(^tlics i /ans,as i /^hbs i ) mm 

W**55r4 9%HF^jKT*^^>^>'i/Lfc 0 2#& 
Iwl*. 1214 (B) \Z9jk-TXo\Z. ifciy^ 
AS i ^^2/^>^$tV-rt-^«3, #?LftS IttlRx 

W a S i S«6 2±jtffi^ffilr, fift&fl: 
JESir«t 9, #RLff S ilBl^SO/nn ( t, =50/x 
m) J&ftLfc. (El 5 (A) ) . 
[0 2 4 9] mmtt&4kftt±SJLT<Ot 0 0 "Cfcofc. 
[0 2 5 0] ffJJPttJBE : 2 . 6 ( V) 30 

3 0 (mA-ci 1 ) 
BiffitofcjSfK : HF:H t 0:C t H 5 0H =1:1:1 

&fm : 0.4 mm) 

g-ILW S i <Z>J?^ : 5 0 ( ii m) 
Porosity : 5 6 (%) 

HI 5 (B) ir^H-J; 5 u- v?^ h 6 3 Sr 1 0 0 m mR8 
d ( b » = 1 0 0 At m) T-IOOm mtS ( a , =10 0 
At m) CD* h7^^l^- =V^bfc„ 

[0251] twi^ (#?tfcs i/Mfts i) mm 
(om^4 9%HFnmx'mn^^^->^L-tz 0 33^ 40 

@6 (A) lcij*-*-J:3te, ¥^b%S i fctt^J- 
s/^V^iX-fK?^, #?LffS i 
*tfc. US>J* hfc|fc*L;fc. (06 (B) ) o 

(HJ60IJ6) Hlg0ijl lr*5lt^^S'^>'^^4 9%* 
gg^^^yu-T/un— ^t<OM-^m (10: 1) 
EAfl-HJSCT 1 kmmizLX^-yJ-^-y&'frtt^tz.,, 
V,TzhZ.*>^v?-l>'7mtei'&2 9^IC(4, Ell (B) 

ffs i liiSJ^s/^v^ix/i. 50 



) 1#Bfl¥6 - 3 4 2 7 8 4 

42 

(H1SM7) ^flm^asJtS^y^Vi/ttSM 9%& 
gfir^^/UT/u^-yuirWig-^jS (10:1) \zRx_tz 

Ucii?), ^s/^v^BBte^, 1. 7^ti{4, 1212 

(B) \Z^i.o\z^ *JSftS i ^tsJ^y^-V'^Sii 

(IWJ8) !51fe0iJ3liio»t5^5'^V^Sr4 9%& 
JC^yUT/l^-A'.t^ig-g-ifc (10: 1) \zftz_fz. 

uKmmm3 tmm\zvx ^ * j-^ tc* *o 

VtctZ^y^^^mttbm. 3. 4&mz\^ 1213 

(o \z7jk-t£?\z. &&&s usxvmm&s i&=c 

(*6£M9) ^JSCT4ir*3(t5^s'^>'^Sr4 9%3& 
g^a^Vt-TA-n — t^tnm^m. (10:1) izftz_tc 

uft-mmm4 kmmzLx^«s?->'-7't:ftt!:<?it 0 1 5 

L-tikz. ^x-yf-^y' ffltfeik. 1. 7 04 

(C) #*SiSlS i*5<fcl?^B%S i/JSj. 

mmmi o) ii^sfcfcjt-s^^v^is^ 9% 

Mirxf^T^a-^iWl^iS (10 : 1) \ZRx. 

(A) \Z7Frf£y\Z x V&MiS i tZntix-yf-lsiTZft 
tr, u-i?^. h^K;*L.fc (06 (B) ) „ 

mmmi d ms0ijiiw*3(t-5^i/5 : ->-^'fi5^4 9% 

#Sfciii«Mk***i©ia^iaE (1:5) \zR7LH.\Zk9\- 

itmmmi kmm\zL.x^-yf->i7'^rf^-oti <> 

fcirr^i.y^^^BB^, 2lMCIi. Bl (B) 
izm-TXoiz^ m&£ks iTd\?tfx.v3->'y'£tv-riz® 
9, ¥i^SS i Sr^y^ • ^ h~yy'<OW&k LT, #^?L 

tsatwi 2) mmm2\z}5vz>^-y^>-y'm&4 9% 

*®?i:ig^t:7K*7Ki:Wi!g-&?ffi (1:5) (c:^xfcti(^ 

fci:5xj/fy»l i. 3^lcli. 0 2 

(B) ir^-ripf^. ffiAS i fclti45^s'^v</^H 

(HlfeMl 3) HJfc«3»r*sJt**y^->'^iatSr4 9% 
^S$i:ig^*^*i:W^-&?S (1:5) tdf-txLfcW^- 
liHJfe0ij3 tlSl^icLT^s/^v^SrffTiofc. 
tck Z\^iy^>ymftb'ik. 2. 6^{d|i, 0 3 

(C) \Z7jk-t&y\Z. #ggS i«J:WI6*S i^i 

<DtfWk Lt, #7L®S i liiS^2/^v^$n^c 0 

(H1S0IJ1 4) %im\4\Z56\rtZ>x.y'f-^y'$i*4 9% 
^ti@^b7K^7Ki:ro^-&?S (1:5) tr^^fc^ 
I4^1S^J4 kmmz^Xx-vf-^Wtfti.^^ ^r5b 
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yttw^ay^v^Hitt*. i. aa&izi*. .H4 

(C) fc«i"J:$lC % #£AS ift.ttWISAS i*^ 

mmmi 5) |?160lj5»;::fctt5:s-s/? L >;/?i££:4 9% 
»»£iS§Wb***i:<OS'&tt (1:5) \zftz_tz£Xi>\- 

teMMMs tmm\zvx ?*?t tz. 
fci:5iyf^K««. E16 (A) ir^i-ipi^ 
WSAS i t±~rtfr*-y*f-l'ifZfr-r\z%LK>, #7L?fS i 

(06 (B) ) „ 

(^jfiCTi 6) jutm K&vzx-vf-^irm** 9% 

0:6:50) £ Lfc£WH4, 3I16« 1 iW*k: UT* 

2 6MCIi, Hi (B) l:St±9t. **£AS 
i fcl7^S/^^$n-fJrg|tK ¥&AS i fc^y*- 
• * Lt, #?Lf£S i ttjg^y^v^ 

(3U60H17) mi&M2\zi3i-j-Z>x.y^>ym*4 9% 20 
^Rt^^/ur/ua— yuiil8fiMkzK*7ki:©J&&» (1 
0:6:50) tVtzSl^t. MM&i 2 t IrMsMc LTi 

1. 4#&(3|2, El 2 (B) fcij*-*-J:5»E» $&A 

s i fcJt^^s/^^^sn-ri^a?, ^jlks i 14311* 

(HJfe^Jl 8) *16«3»C*S»taa.y^V^ttS:4 9% 
ft&irjtfvwTvua— frb k<r>m&m (1 
0:6:50) i Lfc&W4, MMM 3 i: ID^Hr Ut^- 
s/lf V^Srtrftofc, ^r^Ufciirr^, iyr-v^Mife 30 

2. 8#SH;:I4, 113 (C) fcjjrf-J:3fc. £ISA 

s i*i,fctW)l£As i ^rc-y^v^^tt-rirat), 
AS i Sriyf • * h-y7<Dtfnb Lt, #?LfCS i 14 

(JOfeCTl 9) HJSM4tr*jJt5^s'^>'^'SKSr4 9% 
*gS?ir^^/ur/u=— /uiriiR'fkTK^TKtwjS^fK (l 
0:6:50) i: Lfc«*U4, HJ6CT4 irlRMttU: LTx 

1. 4#aKttu EI 4 (C) \Z7h-T£.o\z^ #*£A 
S i *3j;tftjMgAS i tf^iy ^^^$tfT , #?L 40 

(HJfe0ij2 0) t&m$\Z.&\t*x.*,*f-'y 9% 
#i$i:^5 L ^T/u='-/ui:iag?'fk*m7Ki:W)g-&fS (1 
0:6:50) i: Lfc£A*M4, SffiCT 5 t LTx 

2 8#&l;:|4, 0 6 (A) \Zm-t£oiC 
i £»*;»S:*y^J'*'SftiN::at0. £7LfCS i liigiR^ 
s^i^Sflfc. hSrBfefebfc (H6 

(B) ) „ 

(H*«2 1) Xlfcftl iCfc^S^s/^^^^/^-y^ 50 
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T— K&gfc (NH, F : 3 6. 2%, HF : 4. 5%) 

iofc> l-Hfci:^, iy^-i^lJM&fc, i 9#a 
KI4, El (B) icjjW-J; *JM£AS i «Jt*Sa;y 

(MMM2 2) Hli£^j2tc*i»t5^s/^v^jiS5r/<s/7 
r— K*&$ (NH, F : 36. 2%, HF : 4. 5%) 

14. E12 (B) tr^-Ti^Jc. ifc'lt^^s/^ 

(HJS0IJ2 3) mMM3\Z&ftZ>x.>y=?>'y'Wi$;;<'y7 
7— K&Sfc (NH, F : 36. 2%, HF : 4. 5%) 
icft&fc&ftH:. HJ£M3 £ italic: LT^s/^^SrfT 

fctt» El 3 (C) tc^i-i^^, #^1S i*siV^li 
AS i ^ ^v^^-fl-JgtK ^j, s i Srni-y^ 
• * h U-C, #7L®S i BWxyry^ 

(HJ£M2 4) ^JSmf-^tt^y^^ffifc^-y^ 
7— K*g? (NH, F : 36. 2%, HF : 4. 5%) 

{r^^fcw^-i±, nosey 4 tra«fcLr^y^V^SrtT 

14, El 4 (C) fc3H-J:$fc» #M£As ifcsitW&A 
S i tf=-y^^y'£ix-r\zm<0 ^ #?LffS ittURiy 

(Hig0ij2 5) nMm5\z*n-j-z>x. 1 y?-^ym$:/<y7 

T— K»Bft (NH, F : 3 6. 2%, HF : 4. 5%) 
l-Ji. El 6 (A) K^-r<fc 5 1-, **SAS 

j-^fzix-nzm*)^ mms iitwxyfy^in 

fco W^^KSr^*b^i (H6 (B) ) . 

r— h'ft&lk j.5 l /wTvp=— /wirWjg-g-fK (10 : 1) 

\zft*_tzzmi*, mmmi tmm\zvx^'y^>^i:n 

iZit. Ml (B) ir^-r i 5 l-¥*£A S i1Ztftf=.y3- 

(l?J£0iJ2 7) HJ6&ij2(r*3(t?,^s/5 L >'^ff£Sr^-<->7 
r- K*Ri^f L ^T/w-=i-^i:roig-&j« (10: l) 

Ktt/ifc&wi*. nmm2 t^mzLx*- &n 

14, El 2 (B) K*-r«fc 9tr^^S i 7t*lt243^.>,^> 

r—h'^k^^r^='—^k(r>M^i& (ion) 
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Kli. 133 (C) fcijrf-J: ?\Zgrm&S iSo£V#£i£k 
S i/JSx^fy^iiflca!), #gSS i Srxyf • 

T—i r ftWlb=-?-/l'7/l'=i~-,ut<D&&Mi (10: 1) 
tt. 1214 (C) K:*H\fc5l=£|gfcS ifciWSSS 

(MMffl 3 0 ) UligmicfcttS^s'^v^i&Sr^yy 
r— Yftmt^^Tsi-^— ^kcnm&Wi (10: l) 

fcofc, *yVtzbZ\?>. lyfy^JBMI. 2 1M 
Idf4, El 6 (A) fc3*-f-.fc5fc:, ¥g£S iftCTtfsy 
^J^Sft-HraO, #7L»S i |i»Rxy ^V^$*t 
fc. &'&\z. US** HSrBfeSLfc (B6 (B) ) . 20 

(Hjsct 3 i) mMmnz^th^y^-^^m^^y^ 
T-Ymwtti®mtj!im*.b<DU-£WL a ■. 5) tc:^^ 

Ell (B) t*i"J:5»=*JISfiS i y^-v^S 

T—h'%,wttmmt7k.m7)<.b<?>m-&m (1:5) tcft* 

EI2 (B) {w^-f-iplr. m&ikS it'Vfi^yzf-^Jf 

(3HSS0IJ3 3) Hli0iJ3tr*5lt5^s/^>'>/fK^<s'7 
T- K»»£iMfcfc**;Jc£ (1 : 5) left*: 

14. 113 (c) l^^-ri ^{C#^f B S i fc«t^*S^S 

i fiit^y^^^sn-rtrao. gusAs i *=-*yf- 

• ^ Vy7<DUPcb L"C, #?Lff S i \ZmiR=- >y >- ? 40 
Six 7c. 

(HJ6093 4) nmm4\z.i$»z>=c-vi-^ym*'*~yy 

r-K»»*iMMt*** (1:5) Ktt;t 

it£**Mi. ^JSM4 i:P)^ltc Ltxyfym/io 

4 (C) Iw^-TJ; pic, #H£,ftS i fciL^NgsSsS i^S 

(HJSCT 3 5 ) ISlfc«5fc*5«*a*y? t >'*'««v<5':7 
r- K#&ii@gHk*ift*i:cc>fg-£-ii3t (1:5) Kttx 50 
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ytw^-i*. mmms bmm^xx-vf-^tnk'fiti:^ 
it 0 tyvtzb^^v^^vm^m. 9&ma-i. m 
6 (a) (r^-r<t9tr. $gss i tzvfrx-vf-^tns 

iift«D, #?LS€S i ffiW^y^-Vi/aFitfc. 
IE, h^l&^L/c (06 (B) ) . 

(Htfe0t]3 6) &M®\ l\ZlSVZ>zc.y J-ls 7 
T— K&§£ (NH, F : 36. 2%, HF : 4. 5%) 
iri^yUT/Uxi— yutii^t^TKir^jg-^fS (10: 
6:50) IZftTttzUMi. H1601J1 t^lCUtxj/ 

1 0^1^14. Ull (B) \Zm-f£yiZ, MSS 

• * h yy*<F>VsP<b Lt, #?LfCS i |l»Rx ^fy^ 

(HJ6#J3 7) M1&m2iZioltZ,*.'y=?->'y'm.$:s<yy- 
7— K#ffi (NH, F : 36. 2%, HF : 4. 5%) 
t^^yur^xi— /u£i®gHbfc3ft*<t 7l£ (10 : 
6:50) l=ft*.«:ix*.ttu mmM2 bmm^LX^-y 
^^Srtf&ofc,, ^pbfcirr?., syfyiTItt 
6#mi-(4, El 2 (B) lc:*i-J:9t-, ¥^^s i 

T— K^g? (NH, F : 36. 2%, HF : 4. 5%) 

b^f-jvTj^— ;\sbi&mik7km7i<.b<om&m do = 

6:50) Kft/tfcUWli, 3Ht«3tra«llrb-C3iy 
^^SrfTfco/i. tplfci:^. xyf^Htt 
1 2#&K:ii, B3 (C) \Z7ft-rXy\z, #Uf B S 

S i *x-yf- • * h LT, #7L«S i \iM 

(^JS0lJ3 9) ■mmm4\z%>\-tz>^y3-^y*m*'<y7 

7— K&Sfe (NH, F : 36. 2%, HF : 4. 5%) 
t^^-/UT^ = — yuiia8Wk**zki«)jS'&«E (10 : 
6:50) iZft^«:£Wtt. ^JS«3J4 irlHl^llrLT^y 
^V^^rtT^o^o ^-pbfcirr^, iyfy» 
8> 6#mi-l4. El 4 (C) ir^-rJ: pi', #^SS i 
*5iV¥<6*S i /45^y^>-i/$^-fl^«?. #?L§CS 

mmm* o) mm&i5\ztnt^^y3-^vm^y<-y7 

7— K*®? (NH, F : 36. 2%, HF : 4. 5%) 
ti5 L ywr^=--yui:ig^k7K^7KirW)'S'g-fS (10: 
6:50) irftxfcJWfl-li. ^1S^J5 ilD^trb-C^-y 
^V^$rtf^o^ 0 ^Hti:^ ^-y^>^^^ 

^, i o^^^i*. Be (a) ?\z, mtfe&s 

i tz.\7fr*-y : 5->>niix-r\zl%v ^ grams i I4®5? 
•y^y^^nfc, Wv?^NSr^*Lfc (EI6 

(B) ) o 

(H1S01J4 1) 2 00^ny©f*.5:ft-DfcPl (1 
0 0) *feiS iSffiS:5 0%WHF^tp{C*3V^T|g 
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m\tf&*fti-fiLo ^(onnrnMrnm-t. ioomA/cm 

* X&otz* CKOBtOT^TL^-ffcjg&li. 8. 4 um/mi 
n.-Cfc9 2 00$^oywS^5rj?ofcPS! (10 0) 

s imm^m^ 2 iftx&umtzfrtz* 

[0 2 5 2] KPi? (100) #^?LStS iSSJilCMB 
E ($HHI8:r.fc»^df-->— : Molecular Beam Epitaxy) £fc 
I;: £9, S i ^tf^df/YA-Jf &0. 5 5: * n 

i&fi : 700"C 

JE^» : 1X1 0"Torr 10 
JjfcSjSfifS! : 0 . 1 nm /sec 

soot, o. 5^ra^-t-5r ttrj:*), m^(omm. 

[0 2 5 3] /7X-7CVDSl:J:otS i s N 4 £ 
0. 1 nmmmVX. 9l;*)hfr1ttz2tic<D&&$:&m^ 

[0 2 5 4] ##?LfCS iHMSftWtt^y^V^iftfcvt 
V^-S^-y^V^jgftli, ffi#T{g;< 7 8Mt*t5 0 

ff^^tofc^TLS^^nfcs i mm*, s 30 

is n, mzfeHLtcma-i:, ^7^»«±ico. 5^ 

[0 2 5 5] aiBtt^-ffittttl^ J: S»ao«^w*S*, s 

A &4'tt& $ tlX t * -5 C 1 1>Wm £ *tfc„ 

(HJSCT4 2) 200^ay©f^j?fofcPI (1 
00) ^*SalS i 0%<DHF^^(-*3V^T^ 
^t/SSTfrofc. rw^r<7>mo!t«aii, 10 0mA/cm 
1 XhotLo ^(D#f<D4Mimtmmt.. 8. 4 /4 m/mi 
n.Tfe0 200S^oy©J?^.^ofcPi! (100) 40 
S i&ffi^tm. 2 4#T-#?LfC<t:£n/c <> fgPi (1 
00) #?Lf S iSSlC^XvcVDffilrJ;!}, S 

I*. UT'DttS'OX'h^ : 
: S i H 4 

mmmmt) ■. ioow 

ffi.8t : 8 0 01C 

: 1X1 0" l Torr 
J?JcSi3lfi : 2 . 5 nm /sec 
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g?m#H^ I p-e4 5 0t. 0. S^raAD^-f-^r tlC«t 

[0 2 5 6] y7X?CVDSl:J:oTS i, N, * 
0. 1 //mlt^LX, fl£9<fefc^fc2;&W£;K£&®L. 

[0 2 5 7] ttflj tj -g-fc-frTtSSS: 4 9 %*gfe 

te^yf- • h y~7°<DVs1&k L~C\ ^?LffS i S«iiiS 
n^-y^-^y'^ix. ^±\zm^^ntc 0 
[0 2 5 8] sH^dFLfCS i JMSft^flE^y^-i^tttefc 

^^■r^x.y^yy'mmt, m^>xm< 7 8Mf<>5 0 

«to^Rltfi+(7)i^-h(-t^b, #N#?LfCif CrJo 
(SH160IJ43) 2 00 5^nyff))|MftofcPl (1 

oo) m&iks i&m*5o%<oHFmm'pizj$\,*xffi 

mitf&*?Titz 0 Z<Dm<DMvfc&&te. lOOmA/cm 
1 T'fcofCo ^<F>n<r>&~$\M.\\MmZ. 8. 4/xm/mi 
n. tfc ►) 2 O 0 5 ^ o ywS^Srfif-ofc Pi (10 0) 
S 2 4#T-#7LKft:$4X/t 0 KPS (1 

0 0) #?LfCS i S«±lC/MT^^^s/^-ffilC«t 
•9, S i ^f^Z-r/UJl £ 1 . 0 5 V n >-{gMfiKft $ 

RFj^i&gc: 1 0 0MHz 
nW&MJ) : 6 0 OW 

: 3.0 0t 
Arif^: 8XlO" 3 Torr 
^S^ffi: 12 0# 
* — MSaft/MT* : -2 0 0V 
SIEKsfE'^T;* : +5 V 

geUtS£ia^ i p-c-4 5 ot, o. s&fmimf&i-z^kizi. 

[0 2 5 9] /7X?CVDSl:iotS i 3 N 4 Sr 
0. 1 wrafSLt, fo^-fryc2ti:<7?S«Sr|StSb 

[0 2 6 0] ^-co^. Kfifif?^t5-ti:fcS«Sr4 9%#g? 



( 26 ) 
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50 



[0 2 6 1 ] ##?LKS i m&ik<D®^-y3->"ymztz 
i.o M m«)ff*sr#ofciitisft s i mtm^x-^ tL 0 

[026 2] Sfc> Si, N 4 ICftfctli:, 7fiy 10 

(HJS0II4 4) 2 0 0 5 ir n>K)J?^Sr^pofcNl! ( 1 

0 0) MSAS i36«Sr5 0%«?HFJ8K«t«^*3V^T» 

fir ofco r <DB$<D WM^&H. 10 0raA/cm 

1 -Cfcofco rW^fO#7L«-ft:jS«J4, 8. Aum/ai 
n. T-fo t)200^c y©f*l:)$ofcNl (10 0) 
S i»R£flE|4, 2 4£-T?£?L|Hfc£ftfc. ^NI (1 

0 0) #7LjfS iS«±ld?i$tgiEigS^|rJ;t). Si^fc" 20 

fftt : Sn 
J**ffl£: 9 00t 
J*e#H^ : H, 

f&nmm -. 20^ 

8 0 0 < C)5)aiw©:'(L^wfoS^7^S«SrSiafcfc)-& < 
SS^H^^T-? 5 0*0, 0. 5mffl1)Uf&-fZ^b\Zi. 

m%-<nmm\i, »Hi=«E^s*tfc. 30 

[0 2 6 3] /^XvCVDffitiotS i 3 N 4 £ 
0. 1 /zmitfffbT, B£«9fe^-frfc2^WS«SrlSSL 

[0 2 6 4] ^<0^ 4 9%%im 

Sri 5,^ . 7. V vT-VWnt UT, #?LfCS i &ffi»i3t 

[0 2 6 5] ^#?LftS i *Jg*ro»aiy^i'^«»Cfc 40 
Vl-S^y^V^jgani, ^*t>Tffi< 7 8Mt*t5 0 

fit-f 5Kf»'>-!?fc5„ 200^oy« 
IP*Srtofc#7LW-fk$lxfcS iJfeKW:, Bfe*<5?ix, S 

[0 2 6 6] S i, N« /f <Oft:fc>9f;:» 7t*xy* 



(HJS0IJ45) 2 0 0$^nyrof^ftofcPS (1 
00) i &«£5 0%WHF^^>lC*3^T|g 

[0 2 6 7] r 0»0*fl,J|ftlitl4, 8 . 4 ^ m/mi 
n. ffc 9 2 0 0 ^ n y ©f ^Jrfifofc P I (10 0) 

s ia&K^flttt. 2 4#T£TLKfl:Sttfc. KPS d 
0 0) #7LKS iS«±J-«EECVD&JCj;t3, Six 
f , ^df->^yug$ri. 0 5^ny«f$-frfc„ mm 

y—X#^ : SiH, 8 00 SCCM 

y -V— : H t 1 5 0 y y I^U/min. 
: 8 5 0t 

fSiSj^S : 3. 3 nm / sec 

0<C, 0. 5«fW*Df8i1-5r i{r«t«J, P5#«>Sffil±, 

[0 2 6 8] /7X-7CVDffillJ:oTS i, N, 
0. 1 ^mtSlUt, &S <? fcfritfc 2 £&HL 

[0 2 6 9] Klfi'9-&t3i*rfcS«S:4 9%#g£ 

^zcj,^ . ^ h yzfoVs-mh LT, #?LffS i *;&liig 

[0 2 7 0] #M«S i *»4ro«[3iy^i'^«lifc 
Vvf-*:ny^;^ji£tt:» ®#T{g;< 7 8Mt?t>5 0 

(t^^s'^>'</i (S+^y^ha-A) fiH/B-tSS 
&T'£ 5 ffl&?Ec'>t? i"JS*3*>, 20 0^ny© 

[0 2 7 1] y-^^tLt, SiH, CI, £/8V^ 

It, 

(J£lS0tj46) 2 005^ny<Df^)$ofcPS (1 
00) S iSfilCCVDSCiD, S ixt-^Jr-y^ 

: 

S^^^Ml: : SiH, CI, 1 0 0 0 SCCM 
H, 2 3 0 D v h/U/min. 



10 8 OX, 
7 6 0 Torr 
2 min 
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C <Dg«£r 5 0 %<DH Fmi&<P\Cto\,^Xf@imitf8.&ft o 
1t a Z.<DB%<Dm%l&&ri. lOOmA/cm* "Cfoofc. 
X, Z.<Df^<D^L^itMSii, 8. 4 n m/min. T'fc 9 
2 0 0 5 V<Ol?^Sri$o3tPS (1 0 0) S i S« 
£<£I4. 2 4^T*#7LK^^ti-fc. lt«Ji&L*:J: 9lc:ro 
»WkJ*-<?W:. PS (10 0) SiS«©W4?LSft 
Six, S i ifc 0 **v-^/UgKli^fc7JS&a>o£: 0 
[0 2 7 2] wW^fc°^drv--y/USO*ffilC3t^ 

Htep-es o ot. o. 5i#ra*n$H-.5w<}:t;:<fc*K m io 

[0 2 7 3] /5XTCVDil:J:oTS i, N 4 £ 
0. 1 ^mitflfLT, te*>jbtttz2tic<nmm&®imi, 

[0 2 7 41 ^t, ^IA>?^-ti:fcS«5:4 9%*g£ 

[0 2 7 5J ^#?LKS i mm&<0&*y7*{rWHz1t 
V»"r**y^V^»ei4, &«>T{£< 7 8^T*t> 5 0 

«t6*y^V^* <»+;*- V*'* hn-A) liUlffliSl 
ofc#7LWb$JxfcS i SKI*, »*SJx, S 

[0 2 7 61 Sifitt^-KIMttir^SlffStt^lgA, S 30 

(HJS01J4 7) 2 0 0 5 ^ D>-CDiP^?r^o3tPS ( 1 

oo) s i StR_hircvDSsU:J:0, s ii^=Jfv'^ 
tJS'J'efoS : 

ix/S^sSS : S i H t C 1 » 1 0 0 0 SCCM 
H, 2 3 0 y y h^/min. 
10 8 Ot 

8 0 Torr 40 
1 min 

r ©SSJr 5 0 %(DH F tttt*Kj3V*-C BMSflaifcSrfTo 
fco r<O^COS»S5B^{±, lOOraA/cn 1 T'fcofc. 
X. r<OB#W#?LfC"ftiia,i, 8. 4 ,x m/min. Trfe 9 
2 0 0 5 * nVOTjf^SrfJfofcPS (10 0) Si gffi 

gltttll, PS (ioo) s i SSro^i^EUt 

[0 2 7 7J JSScI^^ CO:c-e**i'*/HB<B«fi<w%# 
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H^ep-es oot;, o. s&ffflim?&-fz>zt\zi:'9^ m 

[0 2 7 81 ^X^CVDffiKiotS i 3 N, -Sr 
0. 1 nm*mi>X, te*)tbfrlttz2tic<Dmm&&mV 

[02791 *<o'&. mn'0'&t>-&tzmm&4 9%%,m 

[o 2 8 oi *#tl@s i m&M><D&^-y?-^ymzfr 
v^-r s^y^ v ^iiai*. M*T®< 7 8^-Ct>5 0 

5 u mCOm^Wotzm^BS i g^jESt-#fc. 

[o 2 8 1 1 imm+mwmKzzwimm&oi&m, s 

i JBKI4»ffc«IS*>t»M:i»A$iiTi3?>i", 
A tejWKH* $ ixT V * -5 r <t 7>5ffitfg £ title 
(.MMM4 8) 2 00 5:^nV(7?J¥^Srl^ofcPS (1 

0 0) S i ^KSffiK^n hycOxC^-^aAf^ioT, 
NSS iSSrl 5?ny^Ut 0 H* ttAfili, 5x 
10" (ions/cm 1 ) X*1hitz.<, 

[0 2 8 21 r©S«Sr5 0%©HFMtl:fcV^S 
Mikf$.*'ttotz 0 Z.<D&f<DmM&g.\-&, 10 0mA/cm 

1 xfo^tc z.<om<omimtm.m-i. 8. 4#m 

/min. T'fet) 2 0 0 $ ^ n ^COff^Sr^ofcPS (10 
0) SiSS4*ll 2 4#T-^?LSC'fb£;ft.fc:o ffJiliL 
fc± plw-ro^fb^g-eii, P^ (100) SiS«C0 

[0 2 8 3] r^NSS ilro*ffil:)t*i»gS: 

f8 0 0t), 0. 5^MAPf^-f-5r iririt), M#W* 

[0 2 8 41 ^^X-^CVD&lCicTS i 3 N 4 Sr 
0. 1 nmmmVX, Wt)fcfc-yrfc2tJcwS«^ffi^b 

[0 2 8 5] t<D'<k. ^I£9-&fc-«:fcS«Sr4 9%*S$ 

IS AS i mi£Mfix-y?-*rZti-rizL»*) . ^SSbIS i 
^yf • ^ h y^tmt LT> #?LKs i 

[0 2 8 61 #N#?L®S i m H %CDK^5'^>^JCfc 
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U-ezzmmm'p-e&z,, -rtefrh. 2 o o $ * n 
J¥^Srt»o7t#?L^t$tifcS i S 

[o 2 8 7j mmm+smmiz £z>mmm&<oi&m. s 
M,mmm s n-c v > -5 r t ^s«6m $ 

(H1IM4 9) 2 0 0 $ * n^CD^Sr^foTtPS (1 10 

0 0) m&ikS i»«SrHF*«e«t>^*iV>r»«^Sr 

PPADflffi : 2. 6 (V) 

©Bft^S : 3 0 (raA-cn"') 

HF:H»0:C t H 6 OH =1:1:1 

i. 6 mm) 

2 0 0 (u m) 
5 6 (%) 

SPi (10 0) #.?LfCS iSgiCMBE 

f^df-v'— : Molecular Beam Epitaxy ) 9, S 20 

1 :c tr /Hi £0. 5 S*n:^6i&f!fc£&-frfco 
*fta*#«:ft«)i:*i 9 : 

fifi : 700t 

: 1X10-' Torr 

: 0 . 1 nm /sec 
r<7?^t^=3f->^/Ug(0^ffiir. ^Sl^5 000 

^rMtafc^-lir, g?*#H^^T-8 0 Ot:, 0. 5^raAD 

its; t\z£v x »Hi-»^*nfc. 

[0 2 8 8] ^<75gL mH<9&t>-*ttz&&i*4 9%%,m 30 

Z=.-y3- • hyzfntfnt LT, #?LfCS i ££|*a 

[0 2 8 9] #£?LfCS i lMSftWtt^y^i^ifcfcfc 
Vx-rS^s/^^^ja^li. ®tf>T<g;< 6 2Mt*t5 0 

S i <OlRttl4+«Il«±lc tl t< ##HFLf?/IK:}o 

&T-#$I^J?^T-fc-5„ i-ftfr^ 200$^py© 40 

ofc^JLJTftSftfcS i *Ktt» Bfc*£n, S 
i O, /f±K0. SdmrolM^ofc^iSif^ 

[0290] mmm,*m.$km,K£5,m&m.m<oi£m, s 
At£#<it& $ v > 5 z. t nww £ ttfc. 

mMM5 0) 2 0 0 5 ^ nvwJ?^£#Fo7tP?a (1 
0 0) WfeAS i Hifc0lJ4 9 tlD^^LTHF 

[0 2 9 1] KPI (100) iS«±C/7 50 
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X-7CVDffil:<t 9. S i ^f^i'-lrA'/f &0. 5 // 

: SiH, 

: 10 0W 

: 8 0 0t 
ffi^l : 1X10-' Torr 
fifeSiSS : 2 . 5 nm /sec 

^w^t'^v'-wL-Jiw^ffii;^ ^ffiicisooo 
SrJrtak*?-^ Sfi#iM>fT-8 OOt, 0. 5B#RB;!jd 
[0 2 9 2] *<D'&^ 9 4 9%*& 

^s.yf- . * h s/^coltilsfi: Lt. #7LffS i &&fiit 
[0 2 9 3] ##7LKS i WRAcKs. yfVilCt 

Wt , #5)SJl«^T , fc5. -t-ft*?-^ 200^py© 

iO, ifJbKO. 5MmOf^S:j$o^igSSiI^ 

(MtizMsi) 200^oyro)|^ft-ofcPl (l 
0 0) ^ASiXfiSr. HJS01J4 9 £|R]«H: LTHF 

[0294] kps (ioo) #?lsjs i mm^z/^ 

TXX'<yf—mz£. 9, S i ^fc^^-V/Wf £0. 
T'foS : 

RFJ^2&$: : 1 0 0MHz 
Its : 6 0 0W 
3 0 0t 

A r #*JF£# : 8 x l 0" 3 Torr 
l&Mttm : 60» 

?V YWfiL'^T^ : -2 00V 
K&EstE'^T* : + 5 V 

Srfiiafcfc-ar. &S?§#|gfv c p-e8 0 CC. 0. 5B#P«SMD 

[0295] ^co^, my)&t^tt^mifc*4 9%%,m 

[0 2 9 6] ^JtS i ^ScO^-y^^^fSlCfc 
^■rS^ix^V^iiStt. @«6Tte< 6 2^T't>5 0 
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iO, Jf±KO. 5 nmCDmfr&ttitzmi&ikS i MA* 
(H1S0IJ5 2) 2 0 0 5 * nvwff^SrfJfofcNS! ( 1 

oo) ¥«as i mmm4 9 tfsim\zi,xHF 

*«+K*sv^-CHMSfla*«:fi l ofc 0 10 

[0 2 9 7] ^NI (10 0) #?LffS i g«_klr jfcffi 
fiBftifcfcJ:9, S i :x-l^*-> *s\sM*5 ^v~o >-fg;?fi 

«K: Sn 
J$£ffl& : 900t 
^S#ffl^ : H s 
f&m&fffl : 105) 

ftlr, Z.<Dx.\£**cls*c/\sm<0&fc\Z.. Affiles 000 
5rfi*afc^.-fr, ^fi^t'SOOt, 0. 5B#RMD 20 
[0 2 9 8] ttU 9 «r 4 9 

[0 2 9 9] ##?LSJS i *3eft«J»iy^V^«Kfc 

«-C$5^J?»'>TS>So 2 00^nyw 

V**rt>ofc£7LIHl23iifcS i Bfc*£;ix, S 

i O, M±{Z5 xmWf^Sr^ofc^S i 

(H^J5 3) 2 0 0 5 a^Wff^Sr^foTtPS (1 
0 0) )|U£ASi£«$r. 3Bllli«|4 9£IHK9H=L-CHF 

[0300] SPS (ioo) &ims i iffi±t«)E 

C VD?£J;:<fc 9 > S iitf^if-^^l'iiSrl. 0^n 40 

y— : SiH, 
=*■■*• y : H, 

US. : 8 5 0t 

mt) : 1X10' Torr 
EicftijfijS : 3. 3 nm /sec 

£giafc*>-t^ g?^#H^l^T-8 0 CC. 0. 5*IHMn 
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[0 3 0 1 ] 4 9%&&$ 

T'^L^^iR^y^v^Lfc. 6 2MCfi. ¥ 

&£ks i y^^s^-ms 3. mt&&s i 

£^y^ . * hy/<o*mi; Lt, #?LSCS i £«l*® 

[0302] ##?lscs i ^sgfBo^s/^^^i'fc 

t^-rS^y^V^jifgli, ®*-C<g;< 6 2&&X-h 5 0 

[030 3] y-^^tLt, SiH, CI, £t>*> 

(HJ60IJ5 4) 200?^ay<ofM^ofcPl (1 
00) S i mfo±\zME.C VDm\Zi. *K Si^t"** 

<t 33 -5 : 

S/£#*»ftS : SiH, CI, 1 0 0 0 SCCM 
H, 2 3 0 !) y r-zW/min. 

: 1 0 8 0t 
ffi^) : 8 0 Torr 
B#fl9 : 2 min 

i 5 0%CDHF|g^K:^T|S§^b££fTc> 

fc. ^(DffZnWM&gZte, lOOmA/cm* -efcofc 0 
X. rro^tD#?L®-fk)iSli. 8. 4 m m/min. T'fc <3 
2005^nyrof^!#-DfcPl (10 0) S i StS 
£{frfi. 2 4#-C£*Unt3*tfc. J»SfcLfc.J:5fc:£<D 
«*fb*-Ctt. PS (10 0) si*s©*m«ft 
$*V S i ^fc°*^->-wu/f Kligfc^^ofc, 
[0 3 0 4] jjktr, Z-<D*-\Zd>**s*rivm<nmm\^. m; 

ii:5o oo^y^ hn- j»mv>mtm&Mi8.L.itm 
o. 5t%ffli)m-fz^t\z£?), &m\z 

[0 3 0 5] -toft. ^Ifi<?-g-^-frfcS«5r4 9%*gf 

■ea#u«««?>ai#i3iy^v^bfc. 6 2^»cii, $ 
uses i^fcttTSJ^y^v^^n-rir^i?, ^«gf B s i 

*iyf • ^ b recount LT, #?LSS i ^«(*5S 

[0 3 0 6] **?LHS im^ B (0^yf-^^mztc 
^-t-S^iy^^i/jSaii, M«6Tig;< 6 29t'\kX-\> 5 0 

^T?#5^J?M'>X*fc-5„ -r*t>*„ 2O0^ny© 



iO, Jg±fcl. O^raCOff^-'SrltoTt^^S i j§# 

[03071 mmm*®&m,fc£z>8iffim&<oi&m. s 

2 0 0 Zfa^ffimZ-Zft-ofrPm (1 
00) S i S«±l-^JECVD&lc:J;<9, SiiW* 

bioVX-foZ : 10 
K^^/^sSfi: : S i H, CI, 1 000 SCCM 
H, 2 3 0 D y r-vU/min. 
W& : 1 0 8 Ot: 

: 7 6 0 Torr 
B#K : 1 min 

l±. PS (100) S i S^CD^S^TLfC-ffc^iV S i 

[0 3 0 8] m^. z.<D^\??*i/*ji'm<n>mm^, * 20 

ffi(C5 0 0 0ty^ Kn-A®C0^t^5r^b/c^ 

2 cos i mm*mto.ht>it, m.m^m^xsoox:, 

0. 5 B*m»D«rt-5 r. tic J: (9; 3§!@tc: 
[0 3 0 9] ^rW&, ^I£t)-g-^fcS«Sr4 9%*g£ 

8ra:y^ • ;* h yy'nVs^k LT, #?LffS i 
[0 3 10] ##?LfCS i HMSftWlfctyT-i'^tttefc 30 

^-rs^s/^y-^isai*, ®j6-c{s< 6 2^m-et 5 o 

i O t ^±<C5 MmCOjp^fcfSofcltMgjflS ilM 

[031 1 1 mmm={-?mm^i.z>%imffi.Gk<D&^ s 
Skteawm £ tix v ^ r t #mm * ttfc. 

(^Jfifiaj5 6) 2 00 5^pyWJ?MfiofcPi (1 
0 0) S i&ffi^ffilCl/n h^ro^^>-aAICj;oT, 
NSSiiil^ayMLfc. H' ttAffl:IS5Xl 
0 15 (ions/cm 1 ) X'fo<z>tz 0 

[0 3 12] -WS«S:5 0%WHFgf 
WtfSL&TiitZo ^<D?%<DmM&&.te, lOOmA/cm 

/min. X'foV 2 0 0 5 ^ n v-coff^SrfSofc PS (10 
0) SiS«^li. 2 4#-tr#?Lf?<fc£;ft*: 0 50 
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tzX y\Z^(Dmmit^.Xit. PS (100) SiS«© 
*tf#?LfM:3iV N1S i JHzttgfcP&^ofc. 
[0 3 13] fclz, ~(ONSS i Jf<D3?ffi^ ^ffiiC5 

0 00ty^ ho-AJi:«&jUI£^fi£L/ifS2a>S 

1 S«S:fi*afc*3-fr, gf^#ffl^«Pt?8 0 Ot^ 0. 5 

[0 3 14] tWt, ^lfi<9-&^-ar^SSS:4 9%*^ 
yf-V^Lfc. 6 2#&Kfi s ^ 

8fis i®fc*(t*Si5/^v^$n-rtr^i? s Steals i 
^yf^ LT, #7LfCS i S«liai 

[0 3 15] #^?L«S i yfy 
VN-T^is/^-Vi/iggii, ®J6T{g;< 6 2^T"t>5 0 

iO, /f±Kl. Ojim«>J**«rftrofclMSi&S i Jf /5* 
[0 3 16] Siam^S«Jt«U=J:5Wfffi«^«5ig», S 

i miazmtzte&ihXf&ttmAZixxjsibi*. ft$f#*s 
Att^M^r £ nx v * 5 r k £ 

(HJSCT5 7) 2 00 5^n><7?Jf:^£;fJfofcPS (1 
0 0) l^AS i *«Sr5 0%C0HF^' : P(Cio^-C» 
Mffcffc&tTofc. r<7?^fOO«g5t«Sl 0 OraA/cm 1 T* 
*5ofc 0 Z,<D&f<Dg>1L l g1£m&lZ. 1fo8. 4(im/min. 

T'ij^oo^ayrof^HofcPl (100) s 

[0 3 17] fPM (10 0) #?L®S i ft*S±»=MB 
E Vyi^ftk*-^? : Molecular Beam Epitaxy) )£ 

td<t t> . S i ^fc°^=3f-->^yi'S$:0. 5^oyfiM 

«$-frfc„ mm^mt. uT<ob&<oxt>z> < , 

[0 3 18] U& : 7 0 Ot: 
EEJ] : 1 X 1 0" Torr 
fifettj^ft : 0. 1 nm /sec 

fttc, r.WJ.tf^dr->-yyU^0O^ffi«r5 0 nmMftL 

Siafcfc)*. Mft5tS#ia^^-C8 0 CC, 0. 5^ra*D!% 
i-S^tlcii?, pSptcD&tete, »HJ=«e^S*tfc. 
[OSHliECVDffilrioTSi, N 4 SrO. 1 
/imifLT^ ft5'3fofc'-arfc2fecoS«?r^bT, # 

[0 3 2 0] ^W^, KW 9 4 9 %»» 
T«iyf-y;/t5„ 7 8^ld|i. W B SiIfc' 
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[032 1 j &&nms i m&&v>&x--y : ?->#'m\ztz 
^■r&x.yf-^rm&tt* m*>xi&< 7 8Mt-t>5o 

i s N 4 SSr^LJt^lrii. ^^7^S«±»-0. 

[0322] m®n> z ?-9mM\z£z>wrmm&<Dmm. s io 
ikmmn ztix^zzt $ tut. 

(3U60H5 8) 2 0 0 5 if n V<£>ff^£J$ofcPS ( 1 
0 0) itMSillS i g«£5 0%WHF^j£tpl;:i3^TSg 
^b^ffofc. CLWBteoHiMt^a? 1 0 0mA/«a l T* 
fcofc, ^(D^<D^HW'ftm&^ ms. 4//m/min. 
-C-fo>9 2 0 0 5 ? n^wjp^Sr^fcPS (1 00) S 
2 4^T-#7LS^^n/c„ KPi (10 
o) #?LfCs iSS±l;/7XvcvDi£i:j;t)> s i 
xf!C#->t^IS:5 5 if oxiSiSjgg^-frfc. *S«* 20 

[0 3 2 3] : SiH, 

ffi^&fl;^ : 10 0W 

: 8 0 OX. 
mtl : 1X10 -1 Torr 

J5$;Si!£3i : 2.5m/ sec 

fc. K«lSMt«±l=**W*SrlllLfc 5 0 o'Cifiiflfctt 
5 0t, 0. S«flHWo«ii-5riJ=J:*). Wt©SS 30 

(*, mmizm&ztiit. 

[0 3 2 4] /yXvCVDSlCiotS i, N, S: 
0. l^miau, «!!>*>*>*yt2tfc«>*KSrttfl|U 
t> #Wi«±^>HI«o*5rS^ttl' ^ vx 7 f y 

[0 3 2 5] -tro^. KW»)-&:b-e:fcaS*t«:4 9%*g? 
-CiS^S'^>'^-t-S„ 7 8#«K:H:, ¥&£SiJi£ 
ttdSiy^v-^SftiNiyRD, HM&iPbS i fc^?/^ • * 

Six, ^KBfcifcSftfc. 40 

[0 3 2 6] ##?LSts i m&ik<n&*.iy^>>ym\ztz 
V^-f-S^-y^^i/igafi. @*b-C<£< 7 8^T"b5 0 
j-^-y*. ha — AtATT-fct), ^LKJf tf^s/^Vi/jg 

<.nMMS 9) 2 00 5^n^Wl5ASr^ofcP^ (1 50 
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0 0) ^iS i &ffi£5 0%COHF^>P^*Jl>T|® 
ffiffcfiKSrfTofc,, r^WiffittlOOmA/cm' T* 
feofco r<7?^fCO#7L^tiiai±, i^8. 4 m/min. 

2 0 0 5 if a >-<73i5^>.Sr}$ofcPM ( 1 0 0) S 

1 2 4»-C*aWb*lXfc. ^PS (10 
0) #?LfCS i Sffi±l3^CVDSlrJ;9, S i^W 
^Y/uJl £ 5 5 ^ayM^^W:, 

[03 27] ^: SiH, (0.6 1/min ) , H 
i ( 100 1/min ) 
US. : 85 0t 

: 5 0 Torr 
fifcjtriifiiS : 0. 1 (i m/min 

it 0 &%mitm±\zft*mmzmvit5 o ov.j&m\z&. 
sot, o. smmimfk-t tizzy ^ M#coStg 

[0 3 2 8] ^XTCVDSIIiotS i s N 4 Sr 
0. 1 nmmmisX, IA«5fc^-frfc2tft:cC)S«Srte®b 

[0 3 2 9] i©t, &&!;<? 4 9%ifcgfe 

x-m^y^^if-r^. 7 8&wa*. mm&s n« 

h vy<oWWt LT, #?L§CS i S^li^^s/^^r 

[0330] #&nms i ^m&<r>&x-y=f-i<'ifmztz 

ttZx-yf-isifm (f+ty^Fa-A) iiUfflJbSS 

5 n mOTJ^fc^ofclgifSAS i ®*S^J*-C#fc. 
[0 3 3 1] Si, N 4 Jf WttfrtH::, Ttf^/ 

(HJ£0IJ6O) 2 0 0 *i7 axomZf-ZftiK-PW. (1 
00) mU&S i S««:5 0%WHF^fS^lC*3VvTIS 
^-(li^^tfoTto r <DB$tf> ^oft&fi 1 0 OraA/cp' T* 
fcofc„ r<73NFCO#7LK-fli)Sffl±. ^8. 4/xm/min. 

tifct)200^Dyof^ofcPS (ioo) s 

imm±mt. 2 4ftxmimtzti,tz 0 kps (10 

o) #?Lf?s iS«Jb«c:^r^^^<y^-?fe^i(3, 

S i df-v'-vyl'JBSr 1 . 0 5 if a Vf&ffij&g $ ■£ 

[0 3 3 2] R FJSSt^S : 1 0 0MHz 
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&ffll&Mt) : 6 0 0W 

ififi : 3 0 0t 

ArMA : 8 X 1 0"' Torr 

m&mm-. i2o# 

* — HittSfE'-W 7* : -2 00V 
Sffiacft^Wr^ : + 5 V 

fco tt»SMk«±l=3t*W»S:l(tLfc5 0 0 , Cifiiair«C 
5 0t, 0. 5^W*DfRi-rsC<blc:J;!9, Mf©S« 10 

[0 3 3 3] /7X-rCVD^iaoTS i a N 4 £ 

0. 1 /zmifSfLT. flA!?fot3-tirfc2tS:roS«S:^L 

[0 3 3 4] ^r<D&. ^SA0-g-^-frfeS««r4 9%*^ 

£*L. 3fc££MtifcS*lfc. 20 
[0 3 3 5] ##7LffS i m^B<D^-y^^^m^tz 
Vi-S^s,?- ^&&»1, ffi*-Ci&< 7 8^"C"b 5 0 
ty^hc-AKTt'i)!), ^LfC/Ko^y^y^jS 

ff*-Srt>ofc#7L^t$4X7tS i&EH. S 

1. OwmOf^Sr^ofcfMSS il^ttft, 

[0 3 3 6] £fc. Si, N, S<0^^9iw, 7fiy 30 

(HJ601J6 1) 2 0 0 5 ^a^Olf^^SfofcNgJ (1 

0 0) SMS&S i S*££5 0%OHF^fK^I-*3V^Tte 
ll'fbfiSlSr^TofCo rW^COilvME^S 1 0 OmA/cn 1 T* 

T*£>9 2 0 0 5 * n^cQJl^Sr^ofcNSi ( 1 0 0) S 

1 2 4#-C£7LJNfc3*Lfc. SiNg! (10 

0) &iims i m&±\cmte)&&mz£?) y s i^f^ 40 

*->+/uf5rl0 5^n Vffiajifcft 
Jl. £tTrot*3!3f&5 0 

[0 3 3 7] i§& : S n 
figgifiS : 9 0 0"C 
fiJcg#fflSC : H, 
fSL-R&Wl: 2 0ft 

5 0^, 0. 5^WiD^i-5^tlc: < t»3, 50 



14. 5*fflk:«^Sixfc. 
[0 3 3 8] ^ECVDffilCictS ij N 4 £0. 1 
urnmmVX. IAt)fc^-&fc2t!cOS«Sr^LT. 

[0 3 3 9] twg, ^Ifi?J-&^-arfcS«Sr4 9 

x-mvi^vi-^-r-tZo 7 s^&iai. m&&s \rnti 

[0 3 4 0] *#afs i *SS©Kiyfy^l:fc 

^■ra^yf-f^atfi*. iftTft<7 8^in5o 
w.x$ zmmM'PxhZo -r*h>*>, 200^0^ 

[034 1) Sfc, Si, N, /f<£>ttfc>?>t;i. 7^/ 
y???^, &V">I4. ^l>^ f-ny<7y:?*£:&ffiL£: 

(HJSCT6 2) 2 00^ny©f^ofcPi (1 

oo) s i^*g±(wCVDr£^it). s i nf^#yt 
/H1«:0. 5 5 ^ny^ft^itfc *8a*ftll. WTcD 
a9T?*>5 : 

KJ&#*»fcfi : S i H» C 1 , 1 0 0 0 SCCM 
H, 2 3 0 1/min. 

1 08 0t 
8 0 Torr 
1 min. 

r 5 0%<DHF&Wi*\Z io^^xmWt^'u o 

fc 0 ro^roilfSli, 1 0 0 m A/cm' T'feofc 0 
Z.<D'8fCD&1Lmkmm*.. ft) 8 . 4 /i m/min. 9 2 
0 0 5 ^ n>WJ9^Sri$ofcPS (1 0 0) S ilgi 

WbA-CM:, PS (10 0) SiSS©Wi#aSft$ 
ttS i i^^ + yuSJaii^biSft^ofc. 
[0 3 4 2] 9cll. wdx^JE-y^/uf(otB*5 0 

*^#y;*gffi£fiiafcfc-ti\ g?^#H^4i T - 8 0 o 
"C. 0. 5l$IHttD*fc-*-5;L£K.fc!K P)#<7>*Ell. & 

[0 34 3] MECVDffilli-sTS i, N 4 £0. 1 
^mUMKLT. BA9fc:b-efc2;fe<^&«£&®L-C. £ 

[0 3 4 4] *r<Oge. Klfit)- 4 %fc-ttJ l cS«Sr4 9%#S? 



tO 3 4 5] ^TLKS i IQI&MiCD&x-y^^ymzlZ. 
^•fS^iy^V^Sli, S«)T{g;< 7 8Mt"b5 0 

J¥^£fcofc#?L3ffl;£;ft,7tS i mm*. 6fc*£*V S 10 
[0 3 4 6] gfc, S i, N, m<DiXt>V)\^. TM°*-/ 

[034 7] Siam^^J-i-SWffiSI^Wi^*, S 
(HlfeM 6 3 ) 2 0 0 5 ^ n>-<Dff#.£#ofcPSJ (1 20 

oo) s iSS$Il;/o hy^iyftACiot, 
NSSiI*l^ny«Lfc 5 H* aAft(45Xi 
0 15 (ions/cm 1 ) T*foofc„ :©SS5:5 0%©HF 

14. 10 0mA/cm l X'h^>tz 0 Z.<nn<n>%>T\M\\M& 
tt, 8 . 4 m m/min. "Cfe !)200^n ^(oW^-'k 
^ofcPM (10 0) Si£«£#l4, 2 4K*^LI 
teSftfc. ittJfiUfcJ:5l-r.«>BW&fb*t?«:, Pi (1 
0 0) S i S««>**s*7LWbS*i., NSS iJitettfc 
foftS&jftxsfc. rroN£>l)M£AJB<Z>Xli$r5 0n 30 

[034 8] SffiCVDfelCiotS i, N* * 0 . 1 

T^*-f5o K1A 9 4 9%jfcS£ 

■ffiBKaiy^-v^-rs. 7 8^1:11. V^SSiff: 

h yWfii Lt, ^FLffS i S«l45S«^-y^^^ 

[0 3 4 9] i JtittAOttzy^v^ttKlA: 

^-rs^s/^^^iSfeti, ®fe-c{s< 78Mtt5o 

i, N, JiSrKH&Lfc&J::!*, #7*Sffi±lCl. 0« 50 
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[0 3 5 0] Sfc> Si, N, ««>f^to5»w, ri^xy 

[0 3 5 1 ] «tt?MtMR£J:&K9flMlft>ISJIt. S 

(HJSM64) 2 0 0 5 ^n^cDJS^SrfifofcPS ( 1 
00) mm&S i K«SrH F Jrfev^TIBtt'ft^S: 

[0352] »ttfl^*#tt«T©J:*5 9-c*ofc. 

[0 3 5 3] RWDttEE : 2. 6 (V) 

: 3 0 (mA'cm" 1 ) 
HS-fk^SS: HF:H,0:C t Hs0H =1:1:1 
B*M : 1.6 (B»m) 

i C0J|* : 2 0 0 U m) 
Porosity : 5 6 (%) 
RPS (10 0) #?LffS iS«±idMBE 
\£95r*S— : Molecular Beam Epitaxy) feiz£V) x S i 

if^df^^/wSSrO. 5 5?nyftW*S*ft.t 

[0 3 5 4] : 7 0 0t 
S.tl : 1 X 1 0" 9 Torr 
fiKSiSfif : 0 . 1 run / sec 

Z.<D3-\?#*r*/*J\'m<a&m\Z. 1 0 0 o^-v^^. 

0 OOty^ r-n — AWiWtJBSr^bfc'b ? — 
S i affiSrfiiajbto*, gf^fiSCPfSOOt, 0. 
5«PlB*Pf»-*-5wi:»=J:9. StfflS i S«I4, SJlBlr 

[0 3 5 5] SEWD-g-tHirfcSS^ 9%»» 

visas ijB^rttdSiy^-v^^ix-rfcao, was 

[0 3 5 6] ##?LfCS i *^f B (0^x y fy^|;fc 
V^-TS^^^V^jgaii, ^*T{S< 7 8^«-Ct 5 0 

liift S 5. i-ftto-fe. 2 005^u 

*V S iO, ±iZ0. 5nm©f*Sr^ofcW B S i 

(HJS0IJ6 5) 2 0 0 $ ^ ayWJl^^^FofcPli (1 

0 0) *L^£^s i S«S:HF®fStp»c:*iu^-CS&fii'fkj*;&' 
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[0 3 5 7] mm<kf&£im*SlT<okisVX-$>'?it 0 

[0 3 5 8] fpjJQUEE : 2. 6 (V) 
: 3 0 (mA • cm" 1 ) 
mmfcf&f%fc: HF:H t O:C t HsOH =1:1:1 

mm : i.6 mm) 

^?LgS 2 00 Urn) 

Porosity : 5 6 (%) 

(10 0) #dFLKS igfilC^X^CVDft 
S ixt^dri/t^i^O. 5 ^ n 

[0 3 5 9] ^: S i H 4 

SiJSjfitt* : 1 0 0W 

: 8 0 0t 

: 1 X l o~* Torr 
&SkiM&. : 2 . 5 run /sec 

ifclC* Z.<D^M^^riy^^M(D^m^ 1 0 0 0*^?* 

0 o 0^-v>/^ ho — ACO»>fbSSr^bfct> 0-^5(O 
S i affiSrSiafcto*, ^#1^8 0 0^ 0. 

smmmm-tz^kizi: 9, s#^s i*Er±, &qk: 20 

[0 3 6 0] «IS9^t)tfc|«S:4 9%»* 

1 trxyf . * hy^imi tt, 2MFLKSi*KH: 

*©LWwfc»U **?LW*lwj3W*^y^^^4 (ft 30 

StlfcS i Sffifi* Bfc*£*l, SiO t _htr0. 5^m 

(HJK0S6 6) 2 0 0 ^ ^ n >C0jf:^^^o7t P§J (1 
0 0) iJWKSrHFStt^^is^TliBWtjaSr 
*Tofc 0 

[0 3 6 1] »«^*fftt«TOtJ3 0-e«)ofc 0 

[0 3 6 2] BUlDfltfiE : 2. 6 (V) 
filSM&it : 3 0 (mA-cnf 1 ) 40 
RffitefifcSift : HF:H t 0:C t Hs0H =1:1:1 
l«m : 1.6 (*m) 
^?LKSi^jf:^: 2 0 0 Urn) 
Porosity : 5 6 (%) 

&P%1 (10 0) ^?Lf?S i JHSiW7^ * *'<y 
[0 3 6 3] R FJS&ft : 1 0 0MHz 

mm&mt) : 6oow 

MS: 30 0t 50 
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A r tfXBEJj : 8 X 1 0" J Torr 

&&mm : 

#—*f v VWM'^T* : -2 00V 
SSEHSE'<>f : + 5 V 

#CtC, C<^^t 0 ^^riy^yUSC0^ffiiC 1 0 0 0*^?* 
hn— A«)BMKII«r»j*U -t*>BWt*ffifc. Affile 5 

S iS«S:llaftb^ S63S#i^8 0 0U 0. 
[0 3 6 4] -t<0«, tt«5-&fe-£fcfflE«:4 9%*®? 
i Sr^ry^" • * h * :/<E>*m £ LT, ^?L|TS i SJgte 

5o "T*fc*>, 2 0 0 ^ ^ n^<off*&fcofc^?L»ft 
ZtlIZS i£fi(t Bfc*$ft, SiOtlllO. 5jzm 

(HJfi0»j6 7) 2 00 ^^uy(DJ|^^oycNS (1 
00) W 0 S iSffi5rHF^^I^V>Tiffi«$r 
fTofc. 

[0 3 6 5] »Wtj«*f*ttWTOi:*5 9-CS>ofco 
[0 3 6 6] ftttOSJE : 2. 6 (V) 
3 0 (mA • cm" 1 ) 

HF:HiO:CiH 5 OH =1:1:1 

mm : 1.6 mm) 

&?mSi <Dm&: 20 0 Urn) 
Porosity : 5 6 (%) 

f£N§y (10 0) ^dFLICS iSS±KttfeAftttl£j: 
9. S i 3itf^^r->^/UJlS:5 ^ * o^fiia^ftS-fr 
fc 0 «T*>£*3 9 -(•**• 

[0 3 6 7] : S n 

J*fiifi£ : 9 0 0t 
/&g#ffl^ : H t 

&\z % ^(Ox^^y't/^^SIi: l o o o 

0 0 0^">-^^ hP-A^kI«Lfctp-^ 
S i S«*fijtafc:bHi\ Kifi^ftSOOt, 0. 

smrnxm-tz^kizi: 9, ^<os issii ymx. 

[0 3 6 8] fiEIA9^fc-tit:fca«S:4 9%&& 
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[0 3 6 9] &&Hns i y^V^iKfcfc 

^^•rzx-y^^rmmz. iftti<78^n5o 

sio, ±«c:5 unKDrnz-zwitzmifeiks 
»j*-e#fc. 10 

(HJS01J6 8) 2 005*n^<£>J^£#o7cPSJ (l 
0 0) *^f B S i*«*HF*tt«pfcfcV*T»Wfcj«* 

[0 3 7 0] B«^^#ttWT©i:*3 9 -CfcoTto 
[0 3 7 1] SWJDflJEE : 2. 6 (V) 
ttoftS&S? : 3 0 (mA - cm" 1 ) 

HF:H,0:C,H 6 0H =1:1:1 

i. 6 mm) 

#HIS i (Df ^ : 200 (urn) 

Porosity : 5 6 (%) 20 

KPS (10 0) ^?LfCS iS«±l;«ECVDftl;J: 
•9, S i x-Vt^'s^ivm* 1 . O^ny^g^t 

[0 3 7 2] y— : S i H 4 

df-.y y-f— : Hi 

: 8 50t 
mtl : 1 X 1 0 _t Torr 
fi£-ft JlfiS: : 3 . 3 nm /sec 

iroie^ Jry-^^irogii: l o o o ty^ 

0 ooty^ ho- a wafers Sr^fifeLfct 5— 
S i Ste^iiafoiP-fr, &£3if#iaSv'PT-8 0 Ot, 0. 

5 ^pr B wp^-r 5 Pa*?) s i sight. 

[0 3 7 3] ^r<7?m, 9 4 9%5 

1 Sr^-y^ • ;* h v^nVsPrb Lt, £?LSfs i Sffil* 

[0 3 7 4] ##?LKs i ¥*£ B lw^s/f 1 >'y'^ic:fc 40 

ty^hn-AEtTiSffc^ #?Lffjf cc■i-y^y 
*^§«,^<ois&Jtl*+w3ISil«±l£^ w&imm 

*U S i O, ±|C 1 . OymWf^^ofcWaS i 
e^^x-^fe. y-^^tLT, SiH, CI, £ 
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(H1S01J6 9) 2 0 0 5 * n VOff^Sr^ofc PS (1 
00) S i S«±l^iECVDi£(r±!5 s Si^f** 

ir*3 5. 
[0 3 7 5] 

KJ£#*i?tfi : S i Hi CI, 1 000 SCCM 
H, 2 3 0 1/min. 
?SS : 1 0 8 0*0 
ffi^I : 8 0 Torr 
B#Rfl : 2 min. 

r (OS^Sr 5 0 %<DH F®fK^|-fcv>xK^kJ5eS: ; fTo 
fco wWNfCOfflioSc^Stt, 10 0mA/cm l T'fcofco 
X, rW^W#.?L®-ftj$Sli, 8. 4/jm/min. T'fc 9 
2 005^nyroff^SfofcPl (1 0 0) S ilg 
±mi. 2 4#-c-#?Lffte£*x7c 0 ^bfc±5tww« 
BSflMfc-CM:. PS (10 0) SiSfiO^HItft 

[0 3 7 6] Del:, z.(Dx-\Z***s*r>vm<r>%m\z 1 o 

K> Affile 5 o o o#y^ ba—A><nmikm&]&f$.i, 
fcfc? — *<7?S iS«S:aiafe*5-ti:, &iii#BM c p-C-8 
oot. o. S^fffiAD^-rsr iflfros iS 

[0 3 7 7] *<Z>gL M9^btfciS5:4 9%« 

i -Sri-y^ • ;* h-y7"<7?^-i|sfi LT, #S-?LStS i 
[0 3 7 8] ##?LSCS i *t6*©ttity^^^»tefc 

iZXH-tZx-v^-^fS. (K+ty^Fn-A) lijgffl 
±*«-e* SKff«'>T*fc5, -T^*3*>, 2 0 0 5*0 

ft, SiO, ±Kl. 0 /x m<75ff^.^^pofc^H%S i 

[0379] mi&m*m®tm\z£z>}8iffim£i<nf&m* s 

(HS£#J70) 2 0 0 S*ny<75li:^.^ofciPS (1 
00) S i StSilc^JECVDjfelcJ:!?, SixW# 

[0 3 8 0] 

aS#*»ftfi : SiH, CI, 1 0 0 0 SCCM 
H, 2 3 0 1/min. 
®S? : 1 0 8 0t 
JE2> : 7 6 0 Torr 
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P$Hg : 1 min. 

±IBS i &&ZHFtgi&<P\Z&^Xffimit&.&fiotz 0 
[0 3 8 1] fgiteitl&&ftteUT(DkiSVX'fo<ofr 0 
[0 3 8 2] fttfinflJE : 2. 6 (V) 
ffinft^S : 3 0 (raA • cm" 1 ) 
mmt^mm : HFrHtOrCtH^OH =1:1:1 

sum : 1.6 (mm) 

#?L§C S i <K>W?t- : 200 (um) 
Porosity : 5 6 (%) 

W&Ltz£olZ~<Dmmfcf8.X-\*. PM (100) Si 10 

[0 3 8 3) iW^t°^^->^yuS(7?*ffiiC 1 0 

OO^xhn-A^ftlSrMU ^cogM:3cffi 
Id. til: 5 0 0 0 h n-Aro^tJ5r« L 

OOt, 0. 5^ADl?ft-r5r irlcit). i^trosil 

[0 3 8 4] ^O^, ^BAI9^-frfcS«^4 9%*®! 
T-^liA/L^^^il^y^V^-f-S, 7 8 20 

#*£i&s ig/cit^^-s/^vi/^ix-rir^t}, mm&s 

i -Sr^^ • ^ Vy?°<DWPct LT> #5-?LffS i &«li 
JS^y^^^^n, ^ld^*$tv/c 0 ##?LffS i 

JRSLtfcfcaU *#7LKJBK*5»t53Qy^v^* (ft 
So -T^fct). 2 0 O 5 ?a^<Dm&-*h^tc&iimk 

£ft/cS i &&I2, SiO, -hid 5 m<£>ff 30 

*-£#o S i»j«ftfc-e#fc. 

IdiSWffiS^W^*. S iJe£ttjfffe£|$A£l!fel*i* 

(3Slfc0«7 1) 2 00 5^py«fM«fofcPl (1 

oo) s iSffitffiC/n hyww^-yaACiot, 

NSS i €&• 1 5 ? n V^Lfc. H' ttXSli 5 X 1 
0 16 (ions/cm 1 ) Xfoitz, COlS £• 5 0 %C0H F 

li, 10 0mA/cii' X&vtc, C. #?L®"ffci§S 40 

I*, 8. 4 // m/min. 9 , 2005^nyrol^?r 
SfofePl (10 0) Si*K£flctt» 2 4 5)T« 

oo) s i»«ro^75;#?Lf?<ft;$;ft,NiJs i /f Kia^t: 
[0 3 8 5] ^ic:. ;<oNSSiiroaii;iooot 

#<7>S i S«SrSiafo*5-fr. rS?3fc#Hm t p-t- 8 0 0 
■C. 0. 5«rraADf%-r5^<!:lwJ;9 % BfrosilS 50 
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IS, BE 

[0 3 8 6] ^rW^L t£B£9"§-*>t!r£:Sl££4 9%#g? 
VigSS iSfflt^^s/^y^^ix-rirat). WbS 

[0 3 8 7] &&Hns i *ISA«>0E3iy^v^»l=fc 
V^S^5/^^i/jiSl4. M*Tffi< 7 8Mtt5 0 

*K SiO, €±1-1. 0 nmCOm^notzm^mS 
[0 3 8 8] jgi§«rF-^C^K <£ S »Tu5m?S5<DiSS£, S 

imwtmitftm&yim-im^ztixtstb-r. 
stt *sisi^f sntv^-i asms $ ttfc. 

(HJS0IJ7 2) 2 0 0 5^oyrof^otPl (1 

oo) fM a a a s i IffiSrS 0%roHFig?i£4'l;::j3^-c6§ 

Mfb&Srffofc i ro^p<73moK?&* 1 0 0mA/cm l T? 
fcofc rO^ro^dFLg-fbig^ll, jj*38. 4^ m/min. 
tfc!) 20 0^nyrof^ofcPS (10 0) S 

i 2 4^T-#?Lg^§ixfco 

[0 3 8 9] KPI (10 0) #?LffS iSISJbKMB 
E {ft^fflLX- dr V— : Molecular Beam Epitaxy) £fc 
lwj;!9, S i :tf*3-->-V^S£0. 5$^nyig;ia^ 
*S8f*#l4» VsTObio'OX'hZ* 

[0 3 9 0] M.gt : 7 0 0t 
l£Jj : 1X10"" Torr 
EJtftilSlS : 0. 1 run /sec 

mmmttf 9 mm&mis.<px' 8 o 

ox:, o. stifffltiufk-tzzbicxv , M*oS«ii, 

[0 3 9 1] 7° 9 X-r C V Dffild iotSi, N 4 5: 
0. 1 |/m*tSUT, B ( S0fe^-frfc2tfcro*«^^b 

9%^,m.tr^=i-^t(D^m do: i) 

S i*«»t*S3iy^V^$ixi*fca9, **gf B S i Sri 
yf • * h v^cnVmt LT, #?L®S i S«l*®«^- 

[0 3 9 2] &&ims \^^m(0^y^-^ifm\Ztz 
^■rs^s'^y^jaSli, fil*T(g:< 8 2Mt"b5 0 

atrojSWltli+oi^WilitigL. iW\MM\z.H 



[0 3 9 3] 3i8tt?K1ftttlw J:*»rStt&<0t§S. S 
(HiSCT 7 3 ~Sgi£0!l 8 6 ) mmm 4 2 7516 5 5 K*5f t 

(HJS01J8 7) 2 00^nywjf^ofcPl (1 

0 0) S i»««ffite^n t-ycu'^-yttAlciot, 
NlSil«rl*^nyi^Lfc 0 H* ttAili5xi 
0 15 (ions/cm 1 ) X&>-otz„ 

[03 94] Z.<DmWL* 5 0%«HF*gS£4 5 i;:*5^TR§ 
^•fk^^rtfofco r<£>B#<OfllBfc®aii, lOOraA/ci 

1 X'&otz* X. ^<D&f<D&JLKikm&te. 8. 4^m 
/min.-C-fc!?. 2 0 0 5?ny©fM)$ofcPi (1 

0 0) S i 2 4^Mft^M, 20 

\^tzXjizz\<omMit^.X^ PW (ioo) s i mm 

[0 3 9 5] :WNIS iS<D«ffi(^ 5 

o o o*^yx bn—j±m-(omkm$:]&f&is-/tm2<Ds 
immzmfrhfr-e, »*stH«+-e8 o o<c, o. 5 

[0 3 9 6] ^Ifi 4 9%*6$ 

t7;U3- /uirwjg^ (10:1) T-it#-t-5 £ £ 4 
<3WR*y^^Ufc. 8 2Ml:tt> »^SiIf 30 
»ttf»y^-v^Sn-Tfc«9, WSAS i Sr^s/^ • * 

[0 3 9 7] i HH$ft©«E3i!/^v^af^fc 

v^-ra^y?- ^^iStftt, ^*r{£< 8 2Mn5o 

tt3^s/^>-;/S (&+*>- hn-A) »±Hffl-h«t 

ff^STtofc^TLfC-fb^irtS i S 40 

iO, S±l-1. 0 »m<DmfrZfto1tmt£M>S USA* 
Mf&X*$1t 0 

[0398] mmm^-mwmiz x z>mmm&v>&^ s 

$ Ix-C it* -5 r £ *sjft» $ Ktz a 

mmm 8 8 ~mmm 102) njgetj 5 7 nm 7 i\z& 
mmm 5 7nw7 1 twi«o?«iasr«ofc. -t? Lfct 
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(HlMl 0 3) 2 0 0 5 ^ n^roJP^Sr^-ofcPS! 

(10 0) l£*SiilS i £«£5 0%<OHF*§j&f (::*><,> 
T £ffo75: 0 wW^p<0«BStaS»i, 10 0mA 

/cm 1 X-ibotz. Z\<D#t<D&R&4ti&&\i. 8. 4^m 
/min.T'fct) 2 0 0 5; ^ a V£>ff^£r}$ofc PS (10 
0) SiSMt 2 4#T-#?LSf'fL$4xfc„ 

[0 3 9 9] ^PI (10 0) ^?L«S i ^K-hlCMB 
E (^H^^t"* =*••>— : Molecular Beam Epitaxy) ft 
•-±9, S i ^t°^df-->-y/Pg$-0. 5 5 ^ n >{g?fijf& 

: 700t 
JE^I : 1 X l 0" 9 Torr 
fiStfiilSlS : 0 . 1 nm /sec 

0^, 0. 5«rtBJA0lft-f5wi:KJ:l> % W#cd^«I±, 

[0 4 0 0] /7XvCVDffi|:ioTS i, N 4 £ 
0. 1 ummmhX. M 9 2tt03&KSr*«b 

^ioTK5*Lfc 0 ^ft6t)-g-*3-1i:fcS«Sr4 9 

%*BfctiliMb7k*7kiWiR^tt (l : 5) -CfltttL* 
#b»Riyf^Lft, 6 2#«H:H:, J^igfiSiJI 

[04 0 1] #^?L«s i WBftott^y^v^iKfcfc 

»*S:<>ofc*?L5rjl:anfcS il&Rtt, Bfc*£n, S 
[040 2] SilS^-iS^tc: <}; ^ Wf ffim^wSSm. s 

i m\z\±mizt£&&%.m±m-xzirhx&ih-r. 

(i^jfe^j 104 lis) mmmi4 2 5 6 \z 
&nz> v^-xfrnzmmmi o 3T-^fflL/ct.w«-^: 
±. 9mm4 2 7bW5 6 tmm<Dt&m&?riiz 0 hl- 
tztzz. \,*irft<ommm\z&\,*xi>iim&ttn±.iz.m 

(HJS0IJ1 1 9) 200 ^nyi7))f*^ofcPi 
(10 0) m&ikS im&&5 0%<OHFmi&$>lZj6\,* 

xffimitf$.&rrofz<, z.co&f<Dmm®&i-t, 100mA 

/cm 1 T-foofc, r.W^FW#7L®'fl;ji*l*» *5 8 . 4v 
m/min. T'foO 2 0 0 5 ? a ^cOff^Sr^ofc P ^ (1 
0 0) S i Sffi^li, 2 4#T-#?Lf?'ffc£;Jxfc 0 
[0403] gPl (100) £?L@S i ^«±(CMB 
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E (^HH&^f^df >— : Molecular Beam Epitaxy) m 
izX*). S i ^■Sf^r^^J^m^O. 5^n>{g;igj& 

[0404] ifi^ : 7 0 0t 
J£tS : 1X10"° Torr 
fiSittjfiS : 0 . 1 nm /sec 

«&siafc;fc>-e\ es^#H^^r-8 o ot, o. srnm 

[0 4 O 5] igJEC VDSitCioT S i, N 4 £: 0 . 1 

[0406] -?rO@L mti'0'&tttz&WL*4 9%*g? 
tigg?{li7k**i:»!il-&?K (1:5) TSIRi'/fy/ 

?>. v^is i . * h^^oaim^u 

T, #*LffS iat«M:»$Uty?->'^3*L, ^KBfe* 20 

[0 4 0 7] ##?LftS i JMSftflJtt^y^-V^ttKlfc 
^-t-S^S^V^igfgli, *ftTft<6 2»«n5 0 

5 ^ mros^i^ofc^ss i Jf riS7&£-e#fc. 30 

[0 4 0 8] Siim^^lwi^Wffim^W^m, S 
i Jifc^fc*liM^I*Ht»A£;h.-C*3e>i\ 

dH4^sii«p $ nx v * •& r t />mm $ tv/c 

(HJ6M1 2 O~^JS0iJl 3 3) 3US0IJ5 8 75M7 1 

joscts 8 75M7 i tmmtDmm&ft'ofc, -t^L 

(Hlfe0tJl3 4) 2 0 0 $ ^ a^<om&-&&-otzP%> 
(1 00) ¥iSS i g*££5 0%<7>HF?g?$<Pl;::io^ 40 
T|5&®ffc:/it«:fTo;fc. r<7)^f«7)m»£aft(4, 10 0mA 
/cm 1 T-foofc„ ^(D&fCD&imfcm&te. 8. 4 /xm 
/min.T-fo9 2 0 0 5 V n VWff^Sr^o/c Pi! (10 
0) Si 2 4^T-^?L^tSnfc <) 

[0 4 0 9] KPS (10 0) #?UTS i £«±I^MB 
E (SHHS^f : Molecular Beam Epitaxy) i£ 

»-«t t) . S i x-t? *ffi& 0 . 5 $ ? n vigfifiS; 

OA: 7 0 0*0 

ffi^I : 1 x l 0 ° Torr 50 
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fiKSiSS : 0. 1 nm /sec 

wW^f^df>^yu^(D«Str^W®SrJgU7=: 
^Sl^^^^SSSrmfefo^-iir, g?f!t#B^ t p-C-8 0 
ot^ o. 5&fffllmf&-rz^ ici?, Pf^roSlSii, 

[0 4 10] ^7X^CVDi*lw<to-CS i, N, ^ 
0 . 1 m mi£^ Lt. BA K> hfrlttz 2 L 

notSSsSLfc. *<Oi, ^B£9-&^7cS«S:4 9 
%#&tT^3-^<fcil^fc7k^7K<tC0^& (10 : 
6:50) X-WtW-t Sri: * <3HRx$i ^ V^L7t 0 6 

iJMSfiS i • * hs^W^mi: LT, 

[04ii] ##?LSf s i »g*©gi7?-y^i:fc 

V^-rS^S/^^i/ja*!*. ®*Tte< 6 5ft'&Xi,4 0 
Si, N ( S*B**bfc^»c«, ^f7^.S«±tc:0. 5 

[0412] Siim^ia^^ <t -a mmm^<omm, s 
i s^r±3gffc^ifea^:teii^AStiTj3p>-f , &&&& 

(HJSMl 3 5~^J£0IJ1 4 8) ^Jg0lj4 2 7i?g5 5t; 
*3»tS^2/^>-^Sr|llgCT l 3 4-CtefflL/ct><oic:ft 

HJSM4 275355 5 tin#0>*ya«:fTofc. t^t 

(Sllfe^Jl 4 9) 200?^nyK>)fMSofcPS 

(ioo) s iSMic/n h^tyffiAtio 
■C, NS!S i^5rl ^py^Lfc, H* 
x l 0 16 (ions/cm* ) t?*>o7t 0 

[0 4 13] r©SfiS:5 0%(OHF*giig<PU::iol^TB§ 
^•fb^ Zft-otZo Z\(D&r<Dm.W,&&t£. lOOmA/cn 
1 T-feofc„ rco^W#?L®-(t:3iSli:, 8. 4 m m/mi 
n.-Cfc!?, 2 0 0 $ ^ n^rojfi^Sr^ofc ( 1 0 

o) s imm±m-t. 2 4&t*&Kfitit£titz. tfi&v 
tzxo\zz\<ommit^x\^ p$> (ioo) sisfi© 

[0 4 14] CCON^S iS^SiSi-. *B»-5 

0 0 o^-vi/^. hn- A-w<r>mkm*wti&\-,tz.m2<ns 

1 SSSratafotJ-tir. gf^#H^CPT-8 0 OX,. 0. 5 
Wl»t5c <blw<tt). Pp£ots iftffitt, 3fe@lr« 

[0 4 15] *<D'&. ^S£t)-&fc*/c»«Sr4 9%*®? 

i:r/w-3— yut 3 o%]&mikjcm*.b<r>m:%m do = 

6:50) T-lt^i-5Ci:^<®^-y^>' 2 /bfc <> 6 
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5$H£lwtt, ¥^SS i yT-v-^aFft-ffca 
(J. iJMSffsS i Sr^y^ . ;* hyyntmt U"C. #?l 
Its ^«=BS8*Siifc. 

[0416] &&il®s i &m&<o&^v?->'?mzit 

VW****-*^**!*. ffiftti;<6 5^t"f,5 0 

Jf*Srtofc#?LKfl:*iiytS i«Ktt, (fcSSiV S 10 
i O, /f-hir l.O/i m«)ff*S:»ofcJ(lttAS i Aft* 

[0 4i7] mmm*mwim\zj:zwimm&<ni&%:. s 
(Hj£0ij 150 164) mmm 5 7 75s 7 1 1 

^3»t5^y^^^SrH160iJl 3 4 "C&ffl bfcfcroldtt 
Hi£0ij5 7 75M7 1 i PtticDMJgSrff ofc. 

(HJfiCT 1 6 5) 200 ^n>'©mj|ofcPS 
(10 0) ¥^£S i»«£5 0%<OHF^4 1 »-*3V'' 
■Cl^fiB'fkfiSSrfifofc. r(D^f(Df|^ftl4, 10 0mA 
/cm' -Cfcofco iWR?<D#7LK>fbjSS«. 8. 4^m 
/min.T*&9 2 0 0 5 y" n Vcoff^^«f-ofc (10 
0) Si 2 4#T*^?Lff-ft;£*Wc <> 

[0 4 18] &P§U (10 0) *?LftS iSfilCMB 
E (^^^.f^df-v'— : Molecular Beam Epitaxy) & 
Kit), S iit^df->^iS:0. 5 S y" o yfSigjfc 

*ta*#«, «TOi*3«?-C-fcS : 30 
i&tf : 7 0 0t 
JE^l : 1X10"" Torr 

: 0 . 1 nm /sec 

0*C, 0. 5&ffflmm-tZ>Z.l:\z£Q ^ SfroMli, 

[0 4 19] ^5X7C VDjti-ioTS i 3 N 4 £ 
0. 1 umMmVX* a6t>fcfc-tirfc2tfcW*«S:MaL 
T, #7LW*«±ro^b^w^4rS:^t4-r^->'^s'5 1 v 40 
^.fco-CBfc^Lfc. -t<7)f£, ^&!;9-&:b-ti:;/cS«£'<-y 
77- K*Sfc-e«ff U**Jfea#l3iy^-V^L,fc 0 2 5 

•J, i Sr^-yf 1 • * h-y^Ofcm,!; bt, 

us i 

[0 4 2 0] ^^ins imm&a>ut=-y*->'4rm£it. 

V^-r-S^i/^^i/iSftli, 1StoT(g:< 2 5 8Mt't 1 
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i ±m&x~%zmmM'PX'bz> 0 2005 y-n 

*i. Si, N 4 JBSr»*bfc«»=H:. #9*2£tt±K: 
0. 5/imWfMffofcfMSS i*tf<»jfc-e#fc. 
[04 2 1] Mtt?mMlKJ:SWiEflMl«>tt*. S 

sukMi 6 6~mmmi 8 0) 31^4 2753*5 6i= 
mMW4 2jbM5 e kmmotB.m&rto-fto 

(HlfiMl 8 1) 2 00^nywff^j$ofcPi 
(10 0) P^igS i Sffi£r5 0%WHFS(Stl3^ 
TIS&fefbfcSrfTofc. wW^f<Dfl;«t^*li, 10 0mA 
/cm 1 -C'fcofco rW^pOT^fLW-fliiiaii, **J8. 4 M 
m/min. T?fc D 200^o ^roJl^-Sr^pofc PS ( 1 
0 0) SiSffiifll, 2 4&x&lW<k£ix1t 0 
[0 4 2 2] ^PS (10 0) #?Lff S i S«±fCMB 
E (^H^^f^dfv— : Molecular Beam Epitaxy) i£ 
Id J; 9, S i 3itf^df>^yPSSr0. 5 5 y- n 

iiJE : 7 0 0t 
mtl : 1 X l O - " Torr 
jESSiSS : 0 . 1 nm / sec 

&|C1, ^CO^t°^dr->-r/ivfl(D^S5r5 0 nml&gMfcb 
fiSrliafeb*, Ssi#iS>p-C-8 0 0t, 0. 5\%ffl 

[04 2 3] MSCVDffiCiotS i s N« 4:0. 1 

^K^±<0SfldK*>*$:fi&te>f * y * v / J; o 

[0 4 2 4] trot, KBSD-&t>-a:fca6«Sr/<y7r- 
K#*Ki«»U M^bfco 2 5 8#&Kli. ^SS 

i^fcit/j^s/^^r^tt-ric:^?). mm&s i §:^-y 

^ • X h y y*<DWnk bT, ^^L^S i *K»4aMfcty 

[0 4 2 5] ##7L®S i *Mf B W^-y^yy'?^ld7t 
V^-f-S^-y^Vi/jS^tt. ®*Tffi< 2 5 8#f£T"b 1 

±mnx% zmmu'px$>z e -r^^^, 200^0 
n. si, n 4 mz&£isit'&\at. *&#?xmm± 

IdO. 5 /xmW^Sr^ofc^ijsSfBS i mt>Wi$.XZ 

[0 4 2 6] T&i&m+mmMicxz&imm&vtem. s 
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mmmi 8 2~mmmi 9 5) mmms 8nm7 nz 

(H*te0iJl9 6) 200 ^ny<?)fMfifofcPi 
(10 0) i S«Sr5 0%cOHF^tf fc*5V^ 

xmmitf&&?f<3tz.<, z.<D#fCDmiM®&r£, 100mA 10 

/cm 1 T-fcofc, rro^rW^LW-ftiifgli, 8. 4 m 
/min. T'fc!9 2 0 0 5 ^ a V(73J¥^Sr^ofcPSJ (10 

o) siSffi^ftit 2 4^-e#JLK^^nfc 0 

[0427] KPI (100) #?Lff S i ffiK-klrMB 
E (.ft^-m^K'f : Molecular Beam Epitaxy) }£ 

trj;!?. S iiW*->t/i'I?rO. 5 5 ? a 

M.m-. 7 0 0t 
&.t> : 1X10"' Torr 

J6£Sii ft : 0 . 1 nm /sec 20 

cc, o. 5mmmm-tz>z. t\z z. 9, ^#<t?s«i± x 

[04 2 8] /7XvCVDill:J;otS i, N, 5: 
0. l^mtau, Ifi<?&^-frfc2fe:(OS«Sr|$ffiL 

7T-Y%,m.tTfr=>-J\'b<DM-&m (10: 1) "CSt 

i^-r?>r tK<myi^v?->--yvtz. 0 275^^14, 30 

i Sr^y^ • ^ K ^W^mi: b"C, i S«I4 

[04 2 9] ##?LfCS i m&£k<0&x.-y=?->?'mzti 
V^^is/^-^^jiftti. iATi< 2 7 5#*&-C*t> 1 
0 0^-^i/^. ha- ^JEATT-fet). ^LW^W^-y^^ 

>-<Djp^£to/c#^lfC-ft:£;txfcS i g«l4, 40 

*u si, n 4 m&f&^istcmiz^ # : 7xm&.±\z 
[04 3 o] mmm^mmm\z£z>mffimm<Di&m. s 

(HiSCT 1 9 7 -HJSCT 2 10) 3HJ£0iJ 4 2 5 5 
*5ltS^5/^V^jj5§rHlgglJl 9 6 T'G&fflLJt ft 
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(HJS01J2 1 1) 2 00 5;!'Dy©ffMt$ofcPS 
(ioo) s hy©^f#yffiAl:io 
T, NSS i^Srl 5^ov^Lfc. H* aAil±5 
X10 11 (ions/cm 1 ) T-feofc, 
[0 4 3 1 ] ^»S«5r5 0%WHF^4"IC*JV^TI© 
^-fbfigSrffofco ClC7)^COfl;cit^ftl4, lOOmA/cm 
1 -Cfoofco CC^fCO^LS^igarJi, 8. 4/zm/mi 
n.-CS)<9, 2005^oy(0)f^5r^ofcPi (10 
o) SiMiffii, 2 4ftX2>1imt£iztz. SfriSU 

tz £y\Z' CD ffiMlt&Xte, PM (100) s iS«<D 

[0 4 3 2] :©NiS i ^OO^ffil^. 3gffi(^5 

0 0 Oty^ hn-^ii:(Og?ili^§r^Lfcm2CDS 

1 *&£S;fa<fc*3-t!:, Ktf i^CPT'S 0 0t, 0. 5 

[0 4 3 3] -?-05^ ^l£9-g-t>-1irycS«5:^<s/7r- 
K&&£ (HF : 4. 4 6%, NH, F : 3 6. 2%) i: 

x^/ur^n-zutroi^ (10:1) -c*Jl*H--5;i 
i^iSiR^j/^i/LfCo 2 7 55)tl:it W B s 
iS/clt^^i/^^/^n-rici^i?, JMSAS ifc^s/ 
5 1 • * h s/:AD$mi: Lt, #?L«S i mmimn^^y 

[0 4 3 4] ^7LffS i mftfk'DtZx-v^^ymiztz 
V^^^-S/^Vi/jiftli, S*6T{£< 2 7 5^"Cb4 

*U SiO, I±C1. OmnroJi^.^otW B S 

[0435] mmm^mum\zxi,mmmm<Dmm. s 
$ n r v * s r. t awe $ ntz. 

(^IfeM 2 1 2~S&fefiaj2 2 6) Hte«»j5 775M7 1 \Z 
S^lfeM 5 7 75M7 l irlsl^w^a^fTofCo 

(MMM 2 2 7) 2 0 0 $ ^ DVOff^Sr^oyciPSJ 
(10 0) **gf B S i S«^r5 0%C0HF^jg*t^*3V^ 
T^^Srtfofc rco^fWmijft^fttt, 10 0mA 
/cm 1 T'fcofc. Z.nn<D^\m.\YMm^ 8. 4/zm 
/rain. T?fei9 2 0 0 5 if a VCOlfi^-Srl^ofc P S (10 
0) Si£«£#l4. 2 4&-C&HK4k2tl1t. 
[0 4 3 6] ®P1? (10 0) ^dFLKS i ««±(CMB 
E (^^F-^^tf^df- v'— : Molecular Beam Epitaxy) ft 
lC«tt), S i ^f^de->-v^JiS:0. 5 $ ^ n vigja^; 



igjr : 7 O CC 

EE7J : 1X10"' Torr 

EJcfijfifS : 0 . 1 nm / sec 

[0 4 3 7] MffiCVDffilrioTS i, N 4 £0. 1 

[04 3 8) -tW^ fifflfi9-&fc*fc*K«r^y7r- 10 
K*tt*iSBM:***£ 0>ft&« (1:5) K«iHU 

^^snriwao, mm&s i • * h y y©# 

[0 4 3 9] ##?LSts i miSft«>»3iy^->^ , »»=fc 

v^-r-s^s'^i/jgaii, &*-c{&< i 9 0MT-{>7 

«f«T?#-5ttff«^-e*)5. 200^ny 

Si, N, ««:Bfc*Lfc«»=tt, 5^7^S«±ir 
0. 5 /< m©f *5;^ofc#gIS i I^f fiSff fc„ 

[o 4 4 o] mmm*mwm\z£z>%imm.m<D%i^ s 

Stt^*t«r $ ttT v * 5 r 1 «Sfik8 3 Hit. 

(mmm 244 ~njs#ij 257) m&m 5 s 75s 7 1 k 

*5 It 6 ^ y ^ >" fWi&mi&m 2 4 3 T*{£ffl Ufc t CO lift 

date* 5 8jf;3g7 1 kmmvmm&rfotL,, ^ h 30 

(JUS0IJ2 5 8) 2 00 5^ny©fM#ofcP|! 

(10 0) ¥iefiS i£**5 O%<0HF*tt*fc*5V* 
T^-ftjsSSr^Tofc, w60^CO«5ft?gai4, 10 0mA 
/cm* -Cfeofc ^.(Om^KWitmm^ 8. 4um 
/min. U 2 0 0 5 ^ n vrol^^ofc PS (10 
0) Silfi^li, 2 4#-C^7LfHfc£iT,fc. 

[044 11 KPI (100) #7L«S i ^K-hKMB 
E (^T-ig^f .Molecular Beam Epitaxy) 40 

S i ^f^iy-rVU/f £0. 5 5 * n 
WTWt*3t)T*fc-5 : 

i&g. : 7 0Ot 

JE^» : 1 X l 0"' Torr 

tftSkMBt : 0 . 1 run /sec 

ot, o. 5^ra*Df»i-5r W#«>S«I*, 
[0 4 4 2] ^XYCVDifeiaotS i, N, S: 50 
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0. 1 ^m««LT, IA9fc;bHi:fc2tSc<aS«£a£HL 

(10:6:50) £ t « < iSiR^. -y ^ 

Lfc„ 2 0 5#&tt:tt, WSAS i /ifclT/i^-y^V;/ 

sjvrfcaiK visas i • * 

[044 3] **7Lff S i ViBfcrotfcty^V^mifc. 
V^S^-y^Vi/j$«ii, @£>T{g;< 2 0 5Mt"f,4 

(r^JtS^-y^^i/* (fSc+^-^i/x Fn-A) (l^ffl 

*u si, n 4 m&tfeisvtcwai. tfyxm&±iz 

[04 44] Sig®^SH»«£i3iS8ffffi«^C9^*, S 

(H16M2 5 9~H1£#J2 7 2) 3gi£0lj4 2 75M5 5 ,r 
X, HJS01J4 2 75^5 5 tmffiV&mZft'otz. ^T9b 

(HJfc0ij2 7 3) 2 0 0 5^ny^)f^j$ofcPM 
(10 0) S i S«*iE^7'n h^<D4 ^-VffiAI'io 

T, NlSigil^nyfsSLfc, H* iiAStt 5 

X10" (ions/cm 1 ) X$3ofc 0 

[0 4 4 5] iCO*«Sr5 0%C0HF^^i-*3V^-C^ 
^-f^SrtTofco rcOR5FCOm»!E^Kl4, lOOmA/cm 
1 X-fcofco X, iCOffi!fCO^?LW'fli3S«l4. 8. 4 m 
/min.T-fc9, 2 0 0 ^ oy©)f^^ofcPl (1 
0 0) SiSffi^*l4, 2 4y>T'#7Laft^ttfc, 
LfcJ:5l=r«)»ttflM6-ett» PI (100) SiS« 

[0 4 4 6] rcoNSs iS^^iSJc:, «ffi<-5 

0 O 0 3t->-^ F-n— J*m<vmtm$:]&!8,l,tcW$2<DS 

im&*Atebfrit. gsiflSCft-soot, o. 5 

[0 4 4 7] ^rro^. »M9-&fc-frfc»tEar^y7r — 
K#Bt (HF : 4. 4 6%, NH, F : 3 6. 2%) i 
^^/UT/U^-zi't 3 0%i®mt7}im7t k<DM&Wi ( 1 
0:6:50) flfftSr 44<Wxyf^U 
fc 0 1 8 0^(^14, i *«Jt*S3iyf-V^$ 

T, #?L®S i S«l4iS^^-y^Vi/$ti^ 
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[0 4 4 8] w&ims imteikn&^-yj-^ymictz 

*U SiO, /I-hdl. 0 //mWff^^r^o/c^ifefBS 

[0 4 4 9] &i@®^S»^KJ:S»rffi«lf[Stf>*S*. s 10 

(3li£0J2 7 4~H!60fl2 8 8) IWfefiSJ 5 7 7 .1 Id 
&VZ=-y l ?>y]&&M1foM2 7 3X*8im\,tz.h<ofc{X 
;t, 3li£0»J5 7 7bm7 1 tra««>«ya«rffofc. * ? L 

[0 4 5 0] 

?Lf£S i W^-y^^^ld.tHli, ^VttT'n-tr^JbD 20 

tas-e^s. 

[0 4 5 1 ] X. ^ISW^^V^&Kitvtf, ii 

acid, j.oa««ji^y^-v^»*-f-«iij»»-e#5. 

[04 5 2] Hir, **M«)iN»flc**t«)f^«*«fefci 
fcs ite*JBSr»6 5*.-C» *SM*, fW»tt. 

So 

[0 4 5 3] JElrafcJWJfciftfi, «©SOIt^ 

[0 4 5 4] Sfc. **M«)i|ti»*|ca&H-of^l8*ftKJ: 
*ttf, SO I«Jgro*a«««HI*S:f^Ki-5IJSCttffl 
^tbSSSffiftSOS-^ S IMOXroftfSOIIi^ 

[0455] to^x, *&w<o¥m&mbtv>ftmj7mz 

.fcfttf, 5E*ftK**lftAS i Lt. 
<g;ftS„ 

[0 4 5 6] Hfc, *^w^^S*rwf^®l^ffi(rj: 

#?l^s i <D=.y?->y\zm^x. ^mw-yv-t 

j45T'#, fi.o#?LUS i <k#£HFLfCS i b<D^y^^V 50 



[Ell] (A) . (B) li, *8«»iyfy^iStffl 

v -tz=- y * > ;yig£tft0Ji-rs fc«> w«5fcEI-c-fc So 

[0 2] (A) , (B) (i, *38W©a;y^->'^a[S:ffl 

[13] (a) ~ (o ii, *&w<Dx.y?->'ym&m 
[ni4] (a) ~ (o i*. *&w<n=.y?->"ymzm 
lias] (a) . (b> ii. yT^rm&m 

[EI6] (A) , (B) li, *%BJ<Dis/^>^$rffl 

Ii2i7] *&m<n^y^^rm*m^itm&<D&i[Ms 

So 

lias] *%m<D^y?>>ym*m*,^itm&<D&iLms 

[1219] *^B^(D^i/^>' ; ?'fgSrfflV>^-g-W#?LKS 

So 

[1211 0] *^|^<73^->^>-^^ffiV>fc#-&W^7LS 
S i b&&lins i^xyfy/#|4^t^77ffe 

So 

[1211 1] *«W«>3Ly^-v^jKSrfflv^»&«>#?LW 

So 

[1211 2] **W©iy^V^ttfcffl^fc»^«>#*LW 
S i iriH^JLSS i©xyfy/#l4^Tt^77ffc 
S. 

[Ell 3] **W<^*y^v^ttfr;H^fc*&ro£?LK 
S i b&g>lims i <Oxyfy/#tt^t^7 7ffe 

So 

[Ell 4] #fP;i<75^y^V^?££^7t#^«#?LfC 
S i ,fc##?LfCS i O^y^V^ttSr^-r^T^-Cfc 
S. 

[Ell 5] ^SgB^roaLy^vy-^fc^T^fLfCS i £• 
iy^^S^W^y^j/^tlfc^LfTS i co# 
b. tirfflbnMm&^-fyy-rxhZ. 

[eh 6] ^mnsuyf-^^m^m^^x^ms \ & 

i:. ^irWS8^^-r^7 7-e$5S„ 
[Ell 7] *«WWsyf-y/«S:fflV»T#?LiJS i 
^y^^^i-S^W3iy^v^$ixfc#?L^S i <7>^ 
i:, «FWicc»H«Sr^-r^7 7-t?fcS. 

[Ell 8] ^flJ(7)31y^•>' ; /ffi5 r fflV^T#•?L!SS i £ 
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[0i9] ^mm<Dx.'y^-^ym^m^^x^Kms i §• 

&, B*|BJt©BB«S:S%i-^9 7T?*>S. 10 
[02 2] ^^W^-y^^f&fcffl^-r^LfCS i ft 
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